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PREFACE. 



It is now several years since the description of bracing 
cliiefiy dwelt'iipon in the following pages suggested itself to 
the author ; and he was surprised to find that a method of such 
simplicity and evident excellence should have been employed 
in only ft tew unimportant instances, and, in the majority of 
these, in a mixed or not very evident way.* This naturally 
led him to investigate its qualifications, and it was his expecta- 
tion to have had opportunities, in the exercise of his profession, 
of making practical use and exemplification of the results. 



* The flrat example that is likely to occur to tbe reader la that of the 
spandrils of Bouthwark Bridge ; hut Ote areh, from its construction and 
depth of material, is quite independent of additional bracing, and the vm of 
the teUTiget of the spandrils is merely to connect the arch with the roadway ; 
tiiuB, tbe Sunderland Brld^, which is of nearly the same span and of 
greater rise, and composed of vouaaoirs of leaa depth and inferior character 
for rigidity, is, nevertheless, without spandril-bracing. 

A design aomewhat aimilar to the ahove, repreaented by Figure 19, is 
sometimes used for engine-shafts, etc., and its bracing power Is, in such 
casea, brought into action. 

Another, and, though iusignlflcant, seemingly a very clear application of 
the method ia that employed to brace the transverae pipes between the 
main chains of tlie Menai Bridge. 

But the most decided case of its employment, in its simplest form, which 
the author has met with is that figured in the March part of "The 
Builder" of the year 1B50 (page 100, Vol.VIII.); it lathe wrought-iron 
roof over the Strasburg Railway Station at Paris. 

Town's Lattice Bridge depends, no doubt, for its strength upon the method, 
but presents an example of it in a very compound state, and whii^h might 
have been adopted without a knowledge of the e&iciency of the method in 
its simplest form. (Figure S3.) 



Sucli opportnnitiee, however, not having as yet oucHiTed, he 
adopts the less congenial means of the pen to place hie inves- 
tigations in such a position that they may be capable of becom- 
ing useful. In these investigations the simpler geometrical 
processes have been preferred to tiiose of a more abstrnse 
character. 

The Urst draft of the work was strictly confined to the par- 
ticular kind of bracing above referred to, which may be 
appropriately named the dovile-aeUng or triangular method ; 
but, upon after-consideration, the plan has been somewhat 
extended, as it was judged that a few moderate additions 
would render the work more usefnl, and better fitted, though 
very imperfectly, to supply an important desideratum in the 
library of the engineer. 

For dignifying the little work with the title of " A Treatise 
CD Bracing," it is offered as an explanation that, thoiigli de- 
voted almost exclusively to one method, the results obtained 
may be easily applied to all other varieties, with the exception 
of plate-bracing. This last kind, indeed, is of so peculiar a 
nature that a completely different process must be employed 
to elucidate its action ; probably the results of expei-iment 
must be principally depended upon to give us correct ideas of 
its capabilities. 

As bridges are the structures in which bi-acing is most exten- 
sively employed, much will be said of them ; but, as the inten- 
tion is merely to explain its application, those parts which 
either influence or are influenced by the character of the 
bracing alone come strictly within the scope of this treatise. 
In a few instances the author may have gone beyond this 
intention, in the belief that the space so employed would not 
e deemed by the reader unprofitable. 




In (!on elusion, the wnter begs to say that in launching 
■fais little bark npon the seas of pnblicity, he is not expectant 
B passing triumphantly throngh the testing billows of criti- 
I ciBm; these may disclose many deficiencies in its structure— 
I withsomeof which, however, its ai'cliitect is already acquainted ; 
bnt the iirst vessel built upon a new principle is always, in 
I' some degree, experimental, aiding man to construct in the fu- 
ture a perfect one of the same class. Seldom, upon a new 
subject, was a volumu ever published that had not to undergo 
many changes and enlargements ere it ranked as a standard. 
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2 DEFINITIONS. 

force of tension, it is called a tie-beam, tic-piece, tie-bar, i 
simplv a tie, and will be represented bj a single strong liiJ 
as l>. ' 

\Vlien a part is reqnired and adapted to act botli as a Btrnfl 
and a tie, it is called a double-acting piece, complete brace, c 
simply a bkace, and will be represented by two lines, i 
Btrut, witb the addition of a ceirtral stronger one, as for s tia 
this is shown by c. 

Wlien the parts of a hraced iignre are so long as to be s 
danger of bending, and this is prevented by certain addttioni 
tliese are called, collectively, the trussing, and the beams i 
stiffened are said to be trussed; the whole figure so treated 
when it does not require bracing, is called a trtisg. , Thua, FigS^ 
Tire 2 represents a simple roof-truss ; the additional parts, ^,./« 
fh, constitute the trnssing, and they truss or stiffen the piee^ 
ae, ec, and ao, respectively. 

The term pressure, consistently with the practice of ei 
writers, is used to signify statical force, cither of a comprcssivi 
■ or tensive character. 

BRACED FORMS. 

As a funndation from which to commence, we assnnio tliq 
following propositions; 

Proi', I. In a triangle, an angle cannot increase or dimiiM 
ish without the opposite side also increasing or diminishing. 

Prop. IT. When the angles of a iignre are uncliangcabla 
the shape is unchangeable, and, therefore, the figure is coiq 
pletely braced. 

The converse of each of these is also tmc. 

A triangular stnictnre (Fignre 3), having sides that an 
unchangeable (by I, and II.), is a completely braced form. 

If a quadrilateral figure (Figure 4) alter its shape (by negJ 
conv. of II,), the angles alter, and, as the sum of tim anglef 
must be equal to four right angles, they cannot all increase opJ 
all diminish, therefore (considering the diagonals as third sidesfl 



KI.T-^fENTAKY BRACED FOKJta. 
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Tlio above forms aro the elements of all tlioronghly-bracc<I 

■"Btruetiirea. Tliey are of an insulated cliaracter. Elit there are 

certain modifications of tliem wliicli depend upon external re- 

Bistances; these maybe either partially or completely braced, 

I according as their parts are capable of acting in one or two 
cftpacities. The Figures S-11 represent some of these ; Figure 
11 is an extreme of Figure 8, one of the legs becoming horizon- 
tal — it camiot transmit any vertical pressure to its abutment. 
There aro several forms, frecjuently employed, which are 
not sufficiently braced, though very considerable stiffness may 
be produeeij in them, but only by the use of excessively thick 
parts. To save time in describing these and their defects, wo 
liave given three series of diagrams in Figures 12, 13, and^4. 
The Urst of each, marked A, is a sketch of the objectionable 
structure ; the second, li, represents, in an exaggerated man- 
ner, the effects resulting from a weight placed eccentrically ; 
L$nd the remaining diagrams illustrate methods of remedying 
^e defects. 

The last series. Figure 14, requires particular consideration, 
first modification of it, C, is too often employed as the 
iig of bridges, etc. WheU the ■weight is placed eecen- 
trically, it is supported on the principle of Figure 11. It will 
bo readily seen, therefore, that when the bridge is long in pro- 
portion to its depth, and nearly one-half of its length, ie, is 
loaded, a great force will be brought against the point a, and 
a very moderate motion of a, or shortening of a a, will produce 



4 INSUFFICIENT FORMS. 

a considerable depression of the portion at d. Hence this can- 
not be admitted, as a sufficiently braced form, for any but short 
spans in conjunction with considerable depth of framing. The 
second modification, D, on the contrary, is an excellent form ; 
in it the principle is quite different ; for whereas in the form c 
an eccentric weight is supported wholly (theoretically speak- 
ing) by one abutment, in this each abutment contributes sup- 
port in a degree inversely proportional to the distance of the 
weight from it. Of course, any of the completely efficient 
bracings, Figures 5, 6, and 7, for a four-sided compartment, 
may be introduced. The design E is suited to obviate the 
particular change shown in B, but it is not braced ; other con- 
tortions may take place, from the longitudinals approaching 
nearer to one another. 



Pait tl)c iirst. 

THEORY AND DATA. 



To develop tliis method, lot us take the comprehensive case 

of two parallel beams requiring such bi-acing between tliem as 

diall prevent any change of form in the structure that iiilglit 

suit from the action of any forces whatever thereon. 

To satisfy this i-equisite of permanency of shape, the niofit 

I efficient methods at present in general use, are, in carpentry, 

I those shown by Figures 15 and 16 ; and, in iron-work, tiiosc of 

1 Figures IT and 18. Figure 19 gives the best design ibr east- 

[. iron beams, etc., when of one piece. 

These are, no doubt, sufficiently strong and effective as brat:- 
ings ; but there is. Figure 19 excepted, far more both of matc- 
I rial and workmanship used than is absolutely necessary, not 
I- only causing needless expense directly, but often also indirect- 
I ]y, aa the excess of weight above what is imperatively requii'ed 
I may necesaitate the provision of a great deal of additional 
Btrengtli in the structure, simply to bear it; and this, in the 
I case of bridges, would have the effect of considerably diminish- 
ing the length of span attainable. 

Jjct us now consider the method of bracing sliown by 

•Tliia method ia lounded on the simple hraced tlpmeot bLowii by KiL', 
But the ineerlion of the chapter ia warranted bj the fartlier elucidation 
I it aSorde of tliia moet impoitaut aubject. 



^ DOUBLE-ACTING OH TIUANGULAK BBACINO. 

Figure 15. Here, as the forces may vary in tiioir direction, 
the diagonals require to be strutted ; but Buppoac that this e 
of one of thcHo diiigonal struts (say a i) are so jointed that t! 
strut may be enabled to act a]eo as a tic-bar ; sucb being the eat 
the other strut (c d) of tlie parallelogram {achd) is no long( 
required, for when it would have been of use, the modifietl od 
(a b), by acting as a, tic, is now a sufficient siibstitnte. GiviiH 
tiien, to one strut of each paralielograin the power to act eithj 
as strut or tie, and doing away with the reinaining one, 1 
braced structure becomes what is seen in Figm-e 20 or 21, 
cording to the order of procedure. In the figures, the uprigl 
pieces are also represented as fitted with the double-actiJ 
joints, 80 that the iron tie-bars or straps, seen in Figure 1 
\pould be supei-fluous. In Figure 20, the upright pieces i 
unnecessary in the bracing, as tlio point a is lixed in positioiP 
by tliu braces a h and ae; doing away, therefore, with the up- 
right pieces of Fignre 20, onr braced framing becomes what is 
shown by Figure 22, which is the method of bracing advocated ; 
and -F^ignre 21 is evidently a variety of it. Figure 22 might 
Iiave been deduced from Figure 21 by merely altering the in- 
clinations of the braces, producing an arrangement that would, 
in most situations, be more efficient. 

Figure 22, then, is an effi^ctivc bracuig, capable of resisting 
a cbangeof form under any disposition of the pressures to wliieh 
it can be subjected ; and yet, compared witli Figure 15 (whieli 
is the most generally used design), how simple and light ! The 
weight of material may be roughly estimated at one-tliird (tlie 
beams braced, of course, not being included) ; and as to work- 
manship, the saving in that may even be greater, and suscepti- 
ble of much more perfect execntion; and the parts may be made 
removable for repairs with the greatest case and safety, wbicli 
is a matter of primary importance when wood is the material 
employed ; at the same time, the liability to decay and failure 
is considerably lessened by the nature of the joint to be used, 
and by their diminished number. 



THE ACTION OF THE BRACINfl, 



CHAPTER 11. 

APPLICATION OF THE TRIANGULAli BRACING TO 
VARI0U9 STKUCTURES. 

The following view of tiie action of a Iiracing will often be 
found useful, in investigating the prcesurea brought into 
,ltction : 

In all braced BtnictiireB, though two longitudinal pieces, at 
least, are necessary, yet one only of these may be considered as 
the primary member, all the other parts being looked upon ae 
the means of bracing. Thus, for example, in Fignre 23, tlic 
beam ah requires bracing; arrange, then, as shown in the iig- 
a series of pairs of braces along it; each of the triangles 
ad n,jiec, etc., is thoronghly braced, and may, therefore, be re- 
presented as solid plates. Now, the application of weights to 
tiie beam a h will give it the curved appearance representEd in 
Figure 2i, and this change is necessarily accompanied by the 
approaehment of the apices, d, e,f, g, of the braced elements to 
one another, and tlie dotted lines, which were vertical in Fig- 
xive 23, become here radii of curvature. If we prevent these 
dianges by the insertion of Btrut-picces between the apices, as 
seen in Figures 25, 26, etc., a braced structure will be prodiic- 
-ed. And when the braces are applied beneath, or when the 
■upper beam s cous deied as the braced member, the intervals 
'between tl e ap cc on tl e addition of weights, would tend to 
Increase, wl cl n ust tl ereforo be counteracted by the applica- 
tion of ties as seen in F gure 37. 

The act on of brae ^ upon flexible arches, when viewed in 
this manner, becomes very evident; and, as this is one of its 
!. important applications, it deserves particular considera- 
tion. In Figure 28, P a Q represents a flexible arch. When 
load is placed on the crown, that, of course, is flattened and 
•depressed, and the haunches are raised and further bent; and 



6 CLASSIFICAIIOK OF STRUCTURES. ' 

when the weights are placed on the liaiinches, opposite tnotiol 
and effects ensue. Now, tlie arch may be broken in two w 
cither from being so unequally loaded that a part of it is rafl 
tnred by being too much bent, or, wljon the areh is so bi-ai 
as to he retained in its proper form, it is crushed by i 
pressures transmitted along it ; the load required to destroy t 
arch in the latter manner is very mnch greater than is siil^ 
cient in the former ; Lenee the great ntility ot bracing the flex] 
bie arch. 



In investigating the application of bracing to a great varie 
ty of structnres, the work will be much simplified hy arranginj 
them into different classes, though one class may, in reality, 1 
bnt the extreme of another. Adopting this plan, and o 
ing with the simplest forms — 

The First Clahs that claims our attention is that esemplS 
fied by Figure 29, being two parallel beams with the bracim 
between them, the whole acting as a girder. This, witli tlu 
triangular bracing, is an excellent design for bridges, and als 
for the longitudinal framings of rooia, steamboats, etc., and foi 
scaffolding and other framings, 

•^ The Second Class comprehends all stnictnres that act o 
the girder principle, but which have not the longitudinal boain 
parallel. The designs shown by Figures 30 to 34 are include^ 
in this class. In tlie first division of these— via., 30-32 — tliou^ 
less material may be required than by Figure 29, that advai 
tage will sometimes be more than counterbalanced by the ivk 
creased difficulty of execution. The second division, compre 
bending Figures 33 and 3i, consista of Etrnctnres not requiring 
bracing^ as that is defined at page 1— >the external form, witlj 
out addition, being a braced one ; but, when large, they requir 
trussing, and though they do not, therefore, come etrictl]| 
within the province of this treatise, yet, as the simplest fornf 
of triissing that can be introdncctl is cxaeily that of the siiifc 



SYMBOLS EMPLOYED. 9 

plesfc bracing, witli this dificrenec, that the parts are reqaired to 
itct in only one capacity, we may be excused for introducing 
them. Figure 33 is a design now ninch used for iron roofs; 
the reverse of this, shown by Figure 34, is an excellent design 
for a rigid suspension bridge. T!io author has never seen tlie 
latter employed with more t!ian three supported points. Of 
course, to secnre rigidity, tlic sides of the triangle must be 
maintained straight lines. 

The Third Class. — The strncturcs included in this class 
are those wliicli derive their strength from a single braced arch. 
Figures 35 to 43 are examples. These may be divided into 
three Biib-ctasses— ^j-ai, those having the bracing arranged 
long the inti-ados, but which have not the ai'ches tied, as 35 
and 3ft; second, those which are braced internally, and have 
the arches tied, as 37 and 38; and, i/iird, tiiose which hare the 
bi'aeing along the extrados, as 39 to 42. 

The Fouktu Class consists of arrangements of two or 
more parallel, or nearly parallel, flexible arches, each contribut- 
ing its sliai-e of support, and the wliolo, by the introduction 

»f bmcing between them, acting, in a great measure, as a single 

leep rigid arch — Fignrea 43 and 44. 

TABLE L 

T.UILE OF ST11BOL3 CSED IN TUE FOLLOWING! PAGES. 

w r= Weight at each loaded point of the span. 
N = Total number of weights or points. 
W = N «. = Total load. 
a = Distance between the weights or points. 
S — N 8 = Total length or span, 

P = Pressure acting in a given line, a i^ace Figui-e 45. 
V = The vertical element or component of pressure F, = be. 
II = The horizonfill element of pressure P, ^= a c. 
= /_ al c = Tiie angle at which the given Jine, a b, is 
inclined to the vertical, b c. 



INVESTIGATION Of CLASS I. 



(p ^^ ^ h a c ■= The angle at wlildi tlic gi 
indiiicd to the horizontal line, a o. 



P = V sec. I 
V = F -=- EC 
U = P ^ ee 



= II sec. 9) = ^H' + V,) 
^ = P. sin. 9> = P COB. e -. 
.<p=V Bin. = tan. B. 



II tnn. ^. 



ON THE pnESSURES THAT MAY Btf BliOUGnT 'iNToJ 
ACTION IN CLAB8 FIB8T. 



The best process for arriving at theainouiit of the preEsan 
that may be brought into action in tlie eevcral parts will 1 
tirst, to get tiie effects yirodiiced by (jacli portion of the lof 
aeparately, and then to find the maxiuiiim strains that can I 
produced by any arrangement of the weights ; for the stm 
arc not all the greatest when the whole length of the stnictm 
is loaded, as, by removing the weights from some of the pointa 
the strains in some of the braces may, it will be seen, be in- 
creased. As an example of the method pursued in calculating 
tor the results given in the following table, let us investigate 
the forces arising from one weight = «j, placed at the pointiof 
Figure 46. As the support contributed by each pier (from a 
property of the lever) must be inversely as the distance of the 
weight from it, the pier Q will support \^ w, while the other 
pier, P, supports the remaining portion of the weight, j\ w. 
The vertical pressure, -fj w, has therefore to be transmitted, 
through the bracing, to the pier Q ; the real pressure, P, induc- 
ed in the brace h will therefore be = fj w. sec. / ^ 5 li, = |^ uj. 
eec. 6, and by means of that brace, the vertical element, V^ 



T:XAMPLi: OF THE METHOD OF INVESTIGATION. 
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fc'H 1", is impressed on the point Tc. This point must be borne- 
I np by tlie brace u, ■whieli ia consequently stretched witli the' 
I Btrain of 1^ w. see, B\ tbia is next transmitted throiigli the' 
I brace c, and so on, till it is finally impressed at Q. The other 
k portion of the weight, in like manner, causes strains of ^'^ w.- 
in all the braces from the point 4 to the pier P, of com- 
I prcBsion ill those which are inclined in the same way as brace 
i of tension in those inclined in the opposite direction.- 
■ Proceeding in this manner, for each weight, we obtain tlic 
pqiian titles marked against eacU brace in Fignre47; those writtcm 
m the left side of tbe brace denote the strains of compression,. 
md those on the right the strains tif extension, which take* 
place in the brace when the bridge is uniformly loaded, eacli 
number being the co-efficient of -jj. sec. 6 ; of courae, when two- 
opposite pressuj'cs wonld act in a brace, the resulting strain, in. 
the brace, is their difference ; tlms in brace 5 j, the strain, for 
a uniform load, is {_-{- 25^16). -^ sec. = j see. 6, which is + 

I or a compressive strain ; in this way the quantities in column 
Wscond of Table II. are found. But referring again to the 
brace b j, wo sec tiiat the tensive forces arc produced by the- 
weights 1, 2, 3, and 4 ; consequently, if these be removed, the- 
full compressive strain of SSy'g see. 6 will act in the brace*, 
■which is the maximum strain of compression that can possibly 
be induced in it by any disposition of the weights; on the 
other hand, if all the weights, excepting those at 1, 2, 3, and 4,. 
_bo removed, there will bo no compression induced in the brace 
fi^', and therefore the total tensive strain of 01 ^ sec, d will' 
e into play ; and this is the maximum of tensive strain that 
jan take place in it ; in this way tbe thii-d and fifth columns of" 
iUe table are calculated. 

The maximum strains are those we have to attend to im 

ling the strengths of the braces and of their joints ; thus, in- 

I, it is a tensive strain wo have chiefly to guard agsinst,. 

Whereas the required tensive strength of ihr; brace 5 is very 

uoderate, but it must be capable of withstanding four times as- 

jat a compression. 
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FOBMDLiE FOB TILE MAXIMUM STRAINS. 



TABLE II. 



1. 


2. 


8. 


4. 


6. 


i 
6. 

1 


Brace. 


Strains when 

all the 

weights are 

on. 


MaximnmOom- 

pressiveStrain 

bv uneven 

Loading. 


Weights re- 
moved to pro- 
duce the Strains 
in Column 3. 


Maximum Ten- 
sive Strain by 
uneven Load- 
ing. 


Weichtsre- 
moved to pro- 
duce the Strain 

in Column i. 


e 
d 

6 

b 
a 




1-81 
-63 
-45 
-27 
- 9 




1-81 
-64 
-49 
-86 
-25 


All on. 
1. 

1,2. 
1, 2, 8. 
1, 2, 8, 4. 


Never any. 

— 4 

— 9 

— 16 


All but 1. 
All but 1, 2. 
1,2,8, 4\5.4. 
1,2, 3', 4, 5. 


t 
u 

V 

w 


— 9 

— 27 

— 45 

— 63 




hl6 

- 9 

- 4 

- 1 


l'.2',8',4',5. 
l',2',3'.4',5,4. 
All but 2, 1. 
All but 1. 


— 25 

— 86 

— 49 

— 64 


1,2,8,4. 1 

1,2,8. 

1,2. 

1. 


The numbers in the Table are the co-efficients of ^, sec. 0, 
= '^. sec. 0, here, as N = 9. 



From the foregoing and similar data, the following formalae 
;ai'e deduced, the load being applied above : 

The maximum compression of the last brace (1 Q, Figs. 46 

.und 47) is = ^^^ w. sec. d = ^w. sec. ^ = y sec. 6. 

The maximum tension in m 1, and compression in 2 tti, = 

The maximum tension in I 2, and compression in 3 Z, = 






And putting n to represent the number of the pair of 
braces as counted from the pier, along the lower beam, the 

(N-n)' 



general formula will be ^^.^ 
•o 2N 



w. sec. 6. 



When N is even, the formula for the central pair of braces 
will be (N-y) w. sec. 6 =jw. sec. ^ = y sec. 6. 



IN 



STRAINS ,1N THE LONGITUDINAL BEAMS. 
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Carrying the calculation bojrond the centre, we obtain the 
laaxima of the other strains that can act in the braces. 

We sec, then, that tlie extreme braces require to be four 
times as strong against compression as ie necessary for the cen- 
tral ones, Avhen N is even, and very nearly four times when N 
is odd and large. And starting with the valne j sec. d, at the 
centre (supposing N even), the tensive strains in the braces 
parallel to a, Figure 46, gradnally diminish as they approach 
Q, where they vanish, but increase as they approacli P, where 
the last amounts to (N-l)°|j^ sec. 6- and in these braces the 
compi-essive strains are also = ^. sec. 6, at the centre, but gra- 
f dually increase as they approach Q, where tliey amount to " 
tsec. 8, and diminish as they approach P, where the compres- 
tfon in tlie last is only -^ sec. 6. The strains in the braces 
Hirallel to s, of course, diminish and increase in the opposite 
directions. 

^.Ji. — Tliese maxima are obtained on the supposition that 

! whole vahie of w may be removed from any point, but, as 

Ktho weight of tlio bridge itaolf is included in W, and cannot be 

^Altered in its distribution, the effect of uneven loading, as 

jivon by the above foi'mnlse, will bo rather exaggerated, parti- 

Keularly towards the centre of the span. 



The maximum strains of the longitudinal beams take place at 
Ktbe centres of their lengths, where they amount to* ^- -^ = ^-^i 
D being the depth of the framing. This amount of strain is 
■oomprcssive in tlic upper and tensive in tlio lower beam. The 
nBtrains diminish towards the ends, and at the last ha>/s they 
^mount to (^ + -^) w tan. 6 = (N-l) w tan. 6 of compres- 
■«ion in the upper beam, and to -^- tan. 6 of tension in tlic 
B'lower, d being the inclination of the braces with the vertical. 

And if n' denote the number of the bay, connted from either 
• S ^ BpaD or lengtli. 
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INVESTIGATION OF CLASS 11. 



curl, wo have tlie following forianlfe for the strains in tLe M 
gitndinuls (the load being oti the upper level, and the termin 
braces being struts) : 

n' (N — n') tan. d. w, for tlie compressions in the Tlpp^ 
beam ; and 

Jn' (N — )*') — Y -j" n'\ tan. B. ?o, for the tensile strains \ 
the lower beam. 

When the load is at the lower level (and the terminJ 
hraces are struts), the stniins will be as above, except that, 
the lower beam, e:ich will he^w tan. B less. 

NoTB. — Tnrning to Figaro 47, wa obaorve tLat, wlion tho weighte • 
placed on tlie upper beam, the maximum BtrainH prnduclble in hd; two 
braces wiiicli meet at the lower beam liave equal vertical elenienta ; this 
nefeBsarily Teaults from the lower beam being horiEontal ; conaequeiitly, In 
the form of bracing shown by Figure 21, tlie same equality of the rfriKoi 
tlemeiUt muat also eiiat. 

If the load were placed on the lower beam, the foregoing observation 
would apply to each pair of braces whicii join at the upper beam. Tho 
formulae, etc, wliicli have boon giveu, are calculated on the auppoaition that 
the load ia applied at the upper beam, and they would therefore require to 
be alightlj modified to suit the case of a auapended load. 



ON THE PRESSURES THAT MAY BE BROUGHT INTO ACTI<^ 

IN CLASS SECOND. 

As a representative oi'thiselass, take Figure 49. Ilerc, 
distance between the points of support being uniform throng 
out the span, the angle d for tho hi-aces is \'ariable. 

The maximum compression of the extreme braces, l. 

i I, takes place wljcn all tiio weights are on, and, as half "Wl 
upheld by each, the strain will be = y sec. 9. But the i 
braces will not be strained with so gi-eat a tension as wc 
take place in a hridifc of chiss first with the same depth, e 



AND II. COMTARED. 
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beiug relieved from a portion of tlicir duty of imposing the 
wliole of (N-1) ^. oil tlie points e and /, by the inclined action 
of the upper beam. Tiiis will bo made more evident by the 
following explanation of Figures 50 and 51 ; in these the 
depths at c, and the valnca of *, are the same, and also, there* 
fore, 6 for the braces. Let a g represent in each figure the 
upward resistance of the pier, = ^, then "will a a represent the 
compression induced in the brace rtc; resolving a c into the 
directions, h e and c d, of the other brace and of the upper 
beam, the tension produced in the brace, S c, is = e J in 
Fignro 50, but only = c e in Figure 51. Further, we observe 
that the compressiona in the upper beams of the Figures 50 
and 51 are a It and a e respectively; the tension of tiie lower 
beam, beneath c, is the same in each, and = g c. 

The strains at the centres of the longitudinal beams in 

'igure 49 are the same as for a bridge of class first having the 

ime depth as it at the mid-span. Let us compare the strains at 

the extremity of the latter, represented by Figure 52, with the 

eamo of 49, represented by Figure 51. Make a g the same in 

.qach, and let it represent ~, then a o will measure the compres- 

ton in the extreme brace ; that in 53 is the least. The tension 

►f the lower beams is measured by jr e in each figure, and is 

itest in fil. Resolving a c into the directions o d and h c, cf 

the resulting compression in tlie upper beam in each figure, 

id it is evidently the least in 53. The resulting tension in 

le brace c 6 is represented by c « in each figure ; the corapa- 

ktivo amounts are shown in figure 51 by c e and c w, and c e 

tminishcs as the angle a c d increases, vanishing as that be- 

imes = 180°. 

The advantages, then, of a design of class second over ft 

ilar one of class first having the same depth at the middle 

ly be stikted as redncing the strains in all the braces, except 

extreme ' one at each end (which is rather more strained, 

in some degree, a continuation of the upper beam) — 

lie central ones, however, are little altered — also as reducing 



TItrrsSKD TBIAWGULAR FORMS. 

tlie lengths of the braces towards the extremities ; and ) 
rendering tho lotigitiidinal beaina moi'o uniformly etraiid 
throughout their lengths, being equally' bo with class iirst at q 
centre, but more so tlmninit atthcestremities. In fact, asw 
afterwards be Been, this clasa is a step towards somo forms I 
class third; it becomes identical with them when o o, Figi 
49, forms a continuation of the curve of the upper beam (s^ 
Figures 37 and 38), or when a pressure is applied at c in t' 
manner of an abutment, in the direction c £?, as indicated by t] 
dotted arrow. (See Figure 35.) 



'" Though the triangular forms, shown by Figui-es 33 and { 
as stated in chapter second, are not braced, and consequents 
do not demand our attention, yet, on account of their utililJ 
and the reasons there given, wo will introduce them here. 

The weight at point 3, Figure 53, must cause equal etra 
in 1 a and 3 a, as the angles 1 a 2 and 3 a2 are equal, and Xm 
and a o form a straight line ; so that half the weight 2 is traq 
ferred to point 3, and, along with t!ie weight at 3, is iniprcaa 
on }, the total weight, -^"-j at i is distributed, so that - 
ried to 1, and -j" to point 4 (sec note at end of chapter) ; i 
total weight accumulated at point 4 is =: 3 w, one w beifl 
received from each of the points b and d, and this ia impree 
on c, and thence transmitted, equally, to I and 1'. 

Now, the rule, derived from a property of the lever, thstJ 
i^eight at 2 is upheld by the piers, 1 and 1', in the proport 
of 5 to 1, holds good here; for though in tho first effect J 
the weight at a only ^ is carried to pier 1, yet at each s 
ingpoint another fi'action will be transmitted to 1, by the rod cl, 
nntil we arrive at the lowest point, c, where the remnant of ^, 
amounting to ~ will be equally divided between 1 and 1', bo- 
that y will be the only portion of the weight, w, at point 2, 
wliich the pier 1' can receive. 

After what lias been said, little explanation of the Figures 
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55 fiud 56 will be required. In these, for tlie sake of having 
simpler numbers, the length of the eide A C is made a multiple- 
of the central depth h C. The numbers (eo-efiiuienta of ip) 
attached to the parts arc calculated on the foregoing principles, 
;aiid give the real strains or values of P, which take place from 
ifonn loading. In this form of structure, the maximum 
strains are produced when all the weights are on. Of course, 
when, to eervcforaroof or other purpose, the design is inverted, 
asFignre 57, the strains, wit!i very tritlinn; and evident exeep- 
tions,"^ are nil the same in degree, but of opposite character. 



Note. — In Figure 5i, a weight at S, = w, = ab, Is distri- 
buted thus: It is resolved into h c and b d; and fnrtjicp 
resolving h d into a horizontal and a vertical pressure, J a; is the- 
Ifttter, which is, therefore, the jiortion of w, or a l, that the rod 
h h receives ; and resolving h c similarly, we get ce, = ax, as- 
■the vertical, wiiich represents the portion of w borne by the rod 
i» g. The triangle b x d\& evidently similar to the triangle a sr- 

.hx : X d =z a at: a;/", and alternately, b x', x a= dx : xf.. 
But triangle daf is similar to y 5 /t, therefore the lines tea: 
3id b a, drawn from corresponding angles, and at right angles 
frith the opposite sides, must divide these sides similarly, there- 
fore dx; xf= go.' ah, and consequently b x: x a = g a :- 
o h. The fact that the weight at b is distributed to A and g iiv 
tiie proportion oig a: ah might have been anticipated froiii 
the property of the lever. 

g a : a h ~ tan g b a : tun h i a. b d — '^f^w sec. a h h.. 
And b c = ^w sec. ab g ; the resulting Iiorizontal pressures 
are, of course, the same for each direction, and are d x and h e- 
= 5 d. sin a J h. 



*Ax\Aag From the welg-bts lieing od the sUnt sidos, icatead of hcln^ 
nttoched to A B, which would be the true arnuigement in Figaro 50 iuvened, 
d coasequontly relleviDg each perpcndicalar piece of 1 v. 



PROPEK FOEU OF AKCn, 



ON THE PRESSURES THAT MAY BE BROUGHT INTOf 
ACTION IN CLASS THIRD. 

We now come to coneider tlie case of a braced fluxilile art 
The form given to the areli Blioiild, tlieoretieaUy, be the cnH 
■of stability for the fully loaded arch (in the inyestigationa ifl 
jissnrned to be this, so tliat, in the in tern ally -braced arch, : 
action will be induced in the bracing wlien all tlie weights a^ 
on). This curve, iu general, will bo found to lie between j 
catenary and a parabola; but, as the quantity of the ciiri 
generally nsed is not great, a eirenlar are may be adopted, aa iu 
very nearly coincides for almost 120° with the tbcoreticij 
figure. "When an arch of a greater number of degree 
quired, and the structure is of a light character, it is generalW 
advisable to use the parabolic form. But in a braoed arch ■» 
may depart considerably from the correct curve without mnd 
■evil ; some of the braces might require to be made strong) 
.and a trifling variation would take place in the strains of aom 
of the other parts. 

When the load is uniformly distributed on the arch thai 
is no bracing required, and consequently (if the !ine of prt 
.sui-cs remains in the arch*) there is no action induced in thi 
bracing. When the load is susjyejided from the arch by meatj| 
'jf the braces, of course there are tensive strains produced 1 
them. 

As, in the investigations, the values of w and s are constang 
.and the weights of the arch and other parts are not considerM 
the cui've of equiiibrium will be a parabola, or rather will I 
polygonal, having its angles arrangud in a parabola. 



• The curious properties -wliicli 
-mentioned at page 35. 
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IKTrLADOSAL BnACING. 



THE AECir WITH INTEENAL BRACING. 

Tlio followiog fuiidiiinental principle of investigation is 
sLpablo of very general application ; it might liave been intro- 
duced in Cliiiptei- III., but the method there adopted is a 
[Bimple one deduciblo from it for that particular case, viz., 
i-where the longitudinal merabera are all horizontal. Prom a 
Piawofthe lever, wo know that tlie vertical elementa of the 
pressures upon the abutments, resulting from a weight, w, 
placed at tlio point c of Figure 59, inust be inversely as the 
horizontal distances of c from them ; here, therefore, the pier P 
r-will bear ,75 w, while the pier Q supports the reinainiiig portion, 
5 w). The vertical pressure of the weight io at o nuist be 
'resolved into the directions g P and c Q, the portions of the 
tiridge, Vhos and Q/'c t, acting as instruments for the trans- 
huission of the respective pressures to tlie piers P and Q; in 
icting as such, let us trace the strains produced in the parts. 
■The pressure in o P will he resolved into the directions c I and 
p *, and the vertical elements, or the values of V of these two 
wcssurea, since they both act downwards, must, added together, 
BBtiiitd .75 w ; the pressure in cs is at a resolved into pressures 
a a P and h s ; that in 5 ^ is a tensive strain, and must, since 
B P is horizonta!, contain the same vertical element as the pres- 
[ftiire in o s. TIte ivsuUant of the two strains, in c h and b s, 
<ed to I, must have t/is direction h P, and possess a vertical 
ilement ^ .75 w ; for the resultant of the whole, acting in the 
■jne cP, passes through P, and as the pressure a Pis horizontal 
md passes througli P, the remainiog component pressure, b P, 
SiuBt also pass through P, and must contain the whole vertical 
elemont, Tlie pressure 5 P, ia resolved into 1/ a and b r, and 
iris resolved into r P and a r; the resultant of the compres- 
uion in h a, and tlio tension in a r, must have the direction 
aP, and contain a value of V = .75 w. The iinalresidtantof 
I the pressure in a P, and the horizontal pressures, arising at the 
I points a and r, must have the direction o Ff and its vertical 
* clement = ,75 w. Returning to the point e, the pressiii-e in 
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c Q is resolTcd into the directi<>i)s c J and c t, ■nd since e d 
acts npinnls, tbe rertieal dement off t mnst arcad V of e d 
bjr ^ tr, » that i$ tbe domiward rerticil dement of the resal- 
lint to Ibc pier Q ; the pnGsare in r / is resolved into iQiod 
4 L Tbe rsoltaot of tbe two prcssores ooorejed to d, bj the 
n>iui»«s$wa in r if uid the teasioa in J /, must hive the direc- 
lioit J Q, and eontju'n • vertic*! dement = .3o w. The resnl- 
tanl in </ Q is r»oIreti into d e and d u; bnt vre need not 
IvuocaI forthM- in tiscing the transmteeioQ of the prepares to 
Q i atfficicat has been said to explain the principle. We eee 
that (vtal tfN loinr loi^itiidunl memhet is horizontal) the 
nMlt»t& at tlw various points of the ardi, at either side of the 
V««^t, M* Uncled <» tit0fier or tpring of tlte arch at diat 
tide; and all tboee at one side of the weight have tlic taou 
in ar tiarf t Ie m nU or valne of T, vhidi is erciitnill v iinpoeed on 
tiM pier at dnt side. 

We xrSl now gira, in oooadenUe detail, the investigation 
*»f • timpte exaasple hSTii^ fire points or weights, sliown bj: 
t^jtwre iS. Lit a wt^jbl he placed at tbe point a, and repre- 
(Wntcd by A* Km • « = I ; this will be resolved in the direc- 
tKwa of ^ ])Mr» P *ad Q. and the amount of the pressures 
lyvdiKCd in iJiwe^UreetioDS will be = o/and am = ao; the 
^■Mtiakl «)«BM»ts of Omm will, *s given by tbe lever mle, be 
= lV» *»d i».l «■ s=/» and « m ; tbe horizontal element or 
valftc ,tf H is ibe sMne fcr cadi, and = R a. Thepesultantjo 
tsfW.J\-oa int<^ A l*aA at,- at =ay into*? Band ry; and so 

(th tbWMlg^Wfflt, 

T»We at. gi«K tie resnhs tor :!;c various psrts, from the 
(»«tW*<rf'«»cocontricweigbt«l a. 



TABLE III. 




-■■-■■■ X' 


Vertical Blements 
or Values of V. 


Real Strains or 

Values of P » 

V sec. 0. 


to (I = vertical weicrlit Sit a 


1.000 
.900 
.100 

.300 
.400 

— .400 
.100 
.050 
.150 

— .150 
.100 
.034 
.066 

— .066 
.100 
.075 

-.025 

— .025 
.100 

.100 


1.000 

1.260 

.900 

.895 

.582 
.563 
.580 

— .4364 
.333 
.255 
.165 
.125 

— .161 
.216 
.173 
.071 
.055 

— .0726 
.168 
.1455 
.0273 
.036 

— .035 
.140 
.099 
.100 


a f — resultant to Dier P 


ma = ao = resnltant to pier Q 

na = value of H of each resultant. . 

Pressure In a & (measured by a ^ ... . 

** iaag (measured by o f). . . . 

a u 


if ** 

** in a b, tensive 


Hosultant & Q 


be 


bh 


h t) 


he 


Resultant e Q. • 


e d 


ei 


i w 


id 


Hesultant d Q 


d e 


dj 


. "^ 

J X 


< 

1 e 


y i^. ............. ......... 

Resultant ^ Q 


Qk 


Qy 


^<r*** 


" = 895 = .580 + .125 + .055 + .036 + .099. 



Tables, similar to tins, being constructed, one for each weight, 

it is easy to discover by what arrangement of the weights a 

maximum strain in any part is produced, and the* amount of 

that maximum. Thus, taking the brace h A, we havfe produced 

in it : 

TABLE IV.* 





Real Strains or Values of P. 


Values of V. 


By weight a. . 
•' 5.. 
*' c. 
" rf.. 

it n a 


ti95 i= + .660 

— .3674 ) 

— .2200 V = — .660 

— .0723 ) 


tl'Sh + .eoo. 

— .334 ) 

— .200 V = — .600 

— .066 ) 



* These values are taken from tables similar to Table III., but it would 
be useleps to give them here. The sign + indicates a compressive, and — a 
tensive strain. 
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From Tabic IV. it is evident that when the Aveiii:hts a and 
h alone are on, there is a maximum compression produced in 
the brace h h ; and when these are removed, and the other 
weights, Cy dj and e, are placed on the arch, a maximum strain 
of ^w«id>7i takes place of exactly the same amount. When all 
the weights are on (agreeably with a rule previously given, since 
the contour of the arch is such as to render it equilibrated 
under the whole load), the compressive and tensive strains 
neutralize each other, and no effect is produced in the brace. 

Tlie maximum compression for any brace is equal to the 
maximum tension for the same ^' hence, calculating the com- 
pression is sufBciefit, as the result is the measure of the neces- 
sary strength to be given to the brace to resist both compression 
and extension. 

At any point of the arch {c, Figure 59) we can easily find, by 
the lever rule, the value of V for each resultant from that 
point to one of the piers (Q), caused by each of the weights (<?,. 
J, a) situated at and to the other side of the point (it is .25, 
.15, and .05); now, the greatest compound resultant that can 
act in the same line, will evidently have the value of Y in it 
equal to the sum of the values of V above mentioned (thus, .25 
+ .15 + .05 = .45), and its amount will be V multiplied by 
the secant of its angle with the vertical (P = .45. sec. 6)^ 
Having thus the compound resultant, in value and direction, 
all we have to do, in order to find the maximum strain (= 1.097) 
in the first brace (ct) from the point, is to resolve it into the 
directions of the chord of the arch {cd) and of the brace. But 
the following formulae offer very ready means of calculating the 
necessary strengths of the braces, as they give at once the 
value of V for the maximum strain in each. 

The formula for the end pairs of braces (as cf> r^ r J, and^ Zy 
z i, of Figure 59) is ;|. (^-1)= '-^. w = Y. 

The general formula, putting n to denote the number of the 
pair as counted from the pier, is 
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The second column of the following table gives the formula 
for each of the first six pairs of any bridge. The last two col- 
umns contain the results for the case of Figure 59, wherein 
N = 10. 

The values of Y for the braces are not altered by a change 
of tlie rise or span of the arch, wliile N and w remain the same ; 
hence having calculated the vertical elements for the given 
value of N (as is done in Figures 60 and 61), it only remains to 
multiply each by the particular value of w. sec. 0, in order to 
obtain the strains,, or values of P. 

TABLE Y. 



Value of n 

or No. of 

Ihe Pair of 

Braces. 



1. 
2. 
3. 
4. 
5. 

6. 

n. 



Equations for the 

Value of V, a maximum 

in tlie Braces. 



1 (N- 1) 

2N 

2 (N- 2) 

2N 

3 (N-3) 

2N 

4 (N-4) 

2N 

5_(N-5) 

2N 

6 (N-6) 
2N 

n (N-y t) 

2N 



. w 



, w 



,w 



. w 



, w 



. to 



. 10 



Values of V 

when N = 10, 

as in Fig. 59. 



0.45 w 
0.80 w 
1.05 «J 
1.20 w) 
1.25 to 
1.20 «j 



Values of P — V. sec. 

or Real Strains for Fig. 

59, wherein the Rise to 

Span -= 1 : 4.75. 



\ 

( « C = 
^C t = 

\t d = 

1 

I e V = 
(«/ = 

1 



a r 
r b 

b s 

8 C 

c t 
t d 

d u 

U 6 



e '0 
^ f 

wg 



0.702 w 
0.496 w 

0.882 10 
0.836 to 

1.097 «7 
1.085 w 

1.240 t(? 
1.235 w 

1.286 «J 
1.286 w 

1.235 w 
1.240 to 



Each weight produces compression throughout the arch ; 
therefore the compression will be a maximum when all the 
weights are on. The vertical element of the compression at 
the springing or foot will evidently be the half-load ; and for 
any point, it will be half the load above the level of that point.. 
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Ot'conrBe, tbe real compression at any point in tlic arcli is = 
the vertical element mnltiplied by the secant of 6 there. 

It is scarcely ncceesarj' to mention the well-known fact that 
the liovizontal element is, for an eqnilibratiiig- load, nniforni 
throughout ;* and that the horizontal thrust fur the wholly 
loaded arch ia the measure of the maximum compression of the 
arch at the crown. 

The strain in the lower beam, when it acts as a tie to the 
arch, is gi^eatcsfc when all the weights are on ; the teusion is 
then uniform throughont the length, and equal to the horizontal 
thrust of the arch, or to tlio compression in the arch at the 
crown. 

"When the lower heaui does not act as a tie f to the arch, 
but siniplj' as an adjunct to the bracing, it undergoes, principally, 
compressive straios, and thege are rendered a maxiumm for one 
hftlf-lcngth of the beam, when the weights above that half arc 
removed,' Under such a loading, the compressive pressures in 
tliQ lower beam increase as they approach the pier at the un- 
loaded side, where the compression 7iiay amount to about onc- 
Jialf the value of the horizontal thrust for the wholly loaded 
.iirch. (See Note.) 

Scholium. — .Reviewing what has been said, we observe that 
in class firet the strains in the braces increase towards the 
.extremities, and that there, for the same brace, the tensive and 
compressive maxima are very different in value ; whereas in the 

*W]ieii the load is not an equilibrating one, the braces come into 
.action, and tranainit pans ol tlie horizontal pressures to tlte piers ; but if a 
vertioil section be made at any part of tbe span tbrougb the arcb, bracing, 
etc, tlien tlie Bum of tbe horizontal elements, in the various parts of the sec- 
tion, in a constant qnantitj for any one loading From this properly the 
line, wbieli in the suhaequent pages le called the hue f proaurei has been 
named, by Mr. W. H. Barlow, the tine of eqiml ho uin tal t! rult it a tha 
reHnltant of all the presaurea acting in the atruotore w th tha esception 
when the arch is a tied one, of the stra na oc^as oued by the horizontal 
throat of the arch, ia tbe tle-Ueam. 

f A tied ardi of tliis form is evidently tl e extreme of the change of class 
first (Figure 4G) into Figure 43 of claaa aacond. It might, indeed, without im 
iproptiety, have been included as a variety of the latter class. 
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form ti-eatdd of above (Figtires 59, etc.), the central braces are 
those most straificd, and every brace baa its compressive and 
tensive maxima equal. Now, there is an intermediate form 
between these two, and its parts will undergo strains of a 
medium character ; such is Figure 49 of the second class, and 
.It is possible so to modify that form as to secure a very eqnable 
distribution of the strains, both in the braces and iiithe longi- 
tudinal membei-s. 

Note. — In the form Figure 59, with the lower beam not 
acting as a tie — when all the loading is oii, the Jine of 
pressures, of conrse, corresponds with the line of the arch. 
But when the load is only placed on a space at the crown, the 
line of pressures resulting is shown by the dotted line in Figure 
'63. Where the lino rises above the arch, the lower beam, im- 
jnediately beneath that part, acta negatively or as a tie; and 
when the hnc falls within the arch, the lower beam, at that 
part of the span, acts positively, or as a strut, conveying part 
of the compression to the abutment. These observations upon 
the relation between the position of tlie line of pressures, with 
regard to the arch and the nature of the pressures induced in 
the lower beam, apply universally. Figures G3 and G4givo an 
idea of the positions the line may assume when half the length 
■of the arch is loaded. 

THE AKCn Wmi EXTEESAI. BKACINO. 

In this variety (exemplified by Figure 65), the line of preft- 
jstirea for the fully-loaded arch does not neaeesarily coincide 
with the arch ; for it has been demonstrated by Mr^ "W. H, 
3arlow (in an excellent and valuable paper read at the I.C.E., 
Jnly, 1S47, a report of which is given in the Ciml Engineer 
'UndArchitecC 8- Journal, Vol.X., p. 211) that the real curve of 
ItCtion is that which produces the least horizontal thrust — 
namely, that curve (parabola here) which rises to the neighbor- 
hood of the extradoa, which is here the upper beam, as shown 
by the dotted line.* 

;urve or line of preHsiirea may extend bejond the b 
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Nevertheless, it will be propei- to give sufficient stability to 
tbe abutments, and strcngtU to the arub and bracing, to with- 
stand the pressures produced when .the central liTie of action 
coincides with the arcli, as such a coiacidenue would take place 
if the npper part, c, should become injured or materially short- 
ened. It' the part c become slightly shortened (from the great 
compression), the crown of the line of pi'essures will descend 
proportionately. 

Unlike the foregoing case of Figure 37, of internal brac- 
ing, the values of V for the braces, when N is given, are not 
eonstant. 
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0:^J THE PRESSUBB8 THAT MAT BE BROUGHT INTO 
ACTION m CLAB8 POUBTH. 
The introdiietion of bracing between the parallel, ornearly 
parallel, flexible arches of this class renders the whole struc- 
ture in its action a single rigid arch. Tlio dotted line in 
Figure %^ shows, as stated in last chapter, the line of pressures 
(W being all on) as long as the structure remains perfectly 
without change ; but the centre of the upper ai-ch and the ends 
of the lower one, from their compressibility, will become 
somcwliat shortened, and from those changes the line of pres- 
sures will sink at the crown, and not descend so far at the 
springings, becoming, in fact, more nearly identical with the 
midway line; it approaches this as the pressures become more 
nearly equal to the ultimate strength of the compound arch; 
and if one arch bo stronger than the other, the line will Ho" 
nearer to it, as it recedes from an arch in projwrtion to the 
compressiblenesa thereof. 

tbat ia braced ; batiClhe parabola rise above tbe upper beam, tlirs action 
will partake, io a proportionate degree, of the nature of tlint of the girder — 
llio arrS beneatli tbe part being then in a state of tensio'i. . 
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Such itrc the dediittions in tlieory; but to ensure these, wo 
nust liax'c a Btructuro far more perfectly framed than is 
practicable. Let na sec what the Bhortcomiiigs of piiictice may 
^tail. 

If, at the time of the erection of the Btrncturo, or fi'otii 
*»ftor-caiisee, such as decay or other damage, the abutments, at 
the different footings, be not all applied with the 6ame .accu- 
racy, disturbing causes will be introduced ; and when the fanlti- 
P pess of an abutment is so great fbat the arch there is relieved 
■om pressure, it becomes only a part of the bracing of the 
r arch, tiirough the spring of wliieli the line of pressures 
must necessarily then pass. From this it is evidently proper 
t one areh should bo made sufficiently strong to c;irry tlie 
whole load, unaided by the other as such. 



CHAPTER VII. 

"We will now investigate the effect of inelination, or the value 

■•of 6, of the braces, on economy. Let Figures 67 and 68 repre- 

jent two stmctures, having the same span and depth of framing, 

i loaded to the saino amount. Referring back to Cliaptcr 

[., wo find that the strains in, and therefore the necessary 

engtlia of, the braces are proportionate to W. sec. 9 ; and as 

^ is here constant, the requisite strengths are proportionate to 

The length of a brace in each figure, since tiie depths 

are alike, may be taken to represent sec. d. Let the values of 

c. 6 be equal to 6 and h'. 

The requisite sections * of the braces may be assumed to be 

[jproportional with the strains, and therefore also with sea. 6, or 

course tliis ianot etrictly correct with regard to compresBivo strains 
K^d tlierelore S will be a very little lesa than deduced}. But while the 
ft'Sumher of eysteins reinaina the Bnme, the disparity vill not be important. 
f-And in tliB case of an increase in the numher of Byatems, the more eignifi- 

■or that might take place will be moderated in practice by the braces 
t being riveted, bolted, or trenailod together at the crosainga. 
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as 1) : V. Tlic total leiigtlis of tlie bracings are evidenfli^ 
10 5.- 8 y. 

Now, tlic total wciglits of the bracings arc fo one anothli 
ill the same proportion as the total lengths multiplied by 1 
rcBpeetivc sections, or hb 16 i x J : 8 5' x 6' = 16 &* : 8 J* il 
weight of bracing of Figure 07 : weight of bracing of Figort 
68. Or, as a general rule, the weight of a bracing is prop 
tional with 2 N.(sec. &f, hnt_N = ^- ^ -j which is proportioiS 
ato to g-jaj-^- Siibstitnting this for N, we Jiave the weight i 
the hraclngs proportionate to "^ ']' , which is a minimnm v 

e = 45°. 

Though the miniiniim of weight of bracing is arrived fl 
when 6 is made = 4-5°, yet we may vary this angle consid^ 
ably rf'itiiont mnch increase of the weight, as will he seen f 
Table VI. 

But when, with0 == 45", the distances 
twocn the supported points arc veri/ much to6 
great, the difficnltyis not to he overcome by 
lessening the value of 6, hut by means of the 
intermediate props shown in Figure 69, or by 
using two or nioi-e at/ste/ns or ranges of bi-ac- 
ings, as shown in Fignres 70, 86, and 87. Wc 
need only make this remark, at present, upon 
the theory of systems : that as the value of «) 
is reduced as much as the number of sj^stoms 
is increased, the total weight of the bracing 
{supposing the section to represent the 
strength of a brace) remains the same as for a 
single system; buttlie quantity of workman- 
ship will bo much gi-cater. 
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But it would be dilRcult to define the limits of tliis descrip- 
tion of bracing. In one direction it iochides tiic pimple beam ; 
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in another, tlie cjliudrJcal tube, and even liollow splierienl forms 
cannot be excepted as varieties of it. Among tlie more obvious 
cases of its employment, we may mention the feather on a. east- 
ing, the sides of a bos, the hull of a ship, and the floor, walls, 
and roof of the majestic tube of Stephenson and his coadjutors. 
It is the bracing employed in nature, and that in all its varieties. 
n the plate and shell form, we see it in the beak of a bird, in 
bones of the cranium, and in animals with an external 
.fekeloton, as the crab, etc. ; as s. feather strengtbeuing a plate, 
we view it, most conspicuously, in the keel of the breast-bone 
of the falcon tribe, and in the spine of the scapula of the land 
jnammalia ; and in the form of the tube, we witness it univer- 
sally adapted to the wants of the animal and vegetable king- 
noms — the bones of the extremities, the quilla of the wing, 
ftlie humbler grasses, and the lofty bamboo, may be cited as 
■^miliar examples. ATc shall, however, confine ourselves to 
pjio consideration of it in its simplest form, and endeavor 
Ko compare it with the brace or linear method. 
I Wo have observed above that, to derive the plate from 
lithe linear bracing, the lateral width must shrink into tbethick- 
pness of the resulting plate; consequently, it has comparatively 
flittle lateral stiffness, and wonld readHy wai-p or pucker wher- 
riiver the compressive pressures were considerable ; fortunately, 
[liowever, this can be remedied with a moderate addition of 
Mimterial in the form of featherings, and of easy application in 
tthe ease of the material {malleable iron) which would generally 
H)e employed for this kind of bracing, 

I At those parts where the tensive strains considerably pre- 
dominate, we may expect to find the plate stronger than the 
jliacar form, from the following considerations : Let Figure 71 
Prepresent a bracing of numerous series, and let a tensive strain 
tact in a h. Now the strain is only borne by the parts lying hi 
phe direction of a h ; but when the systems become infinite and 
■the whole solid, there are, as it were, two plates — one resulting 
i&om the braces lying in one direction, and the other from those 
fin the opposite one ; and each of these plalcs serves to bear the 
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strain in a h. And, further, the direction of a strain is not 
confined to a particular angle. 

The comparison, then, may be enunciated thus : " The plate 
bracing possesses much gi'eater strength against tensive strains, 
but less against compressions, than the linear. " And, as a 
corollary, we must infer that, generally, the plate form is better 
suited for shallow than for deep bracings. 

The general distribution of material in the plate bracing 
must be subject to the laws regulating it in the other methods ; 
thus, in the first class, the plate must be made more substantial 
towards the extremities ; and in Figure 37 of the third class, the 
central part must receive the greater share of material. Figures 
72 and 73 give an idea of the strains in class first ; the lines 
show the general action of the pressures, and the degree of 
shade produced is an index to the strength required. Bat 
these diagrams are, of course, made much simpler than would 
really occur, and they are only adapted to illustrate the action 
of a uniform loading. In Figure 72, at the pier P, thepei*pen- 
dicular lines indicate that the pressures impressed at a by the 
lines of suspension, shown in Figure 73, are supported from 
beneath ; but at pier Q these are supposed to be received by a 
higher part of the pier from the edge J, as is done by means of 
the ball-rollers in the Conway and Britannia tubes. 
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CONSTRUCTIOX. 



CHAPTER I. 

THE VARIOUS BRACINGS REQUIRED IN DIFFERENT 

STRUCTURES. 

Besides the longitudinal vertical bracings, upon which 
depends its strength to support tlie loading, a bridge requires 
other bracings, and to the consideration of these we now proceed. 
Let Figure 74 represent the skeleton of a bridge, composed 
of two vertical frames. That these may act with effect, they 
must be retained in straight lines, but there is the pressure ot 
the wind, etc., tending to bend them laterally ; this, therefore, 
must be sedulously guarded against ; let us add, then, a series 
of horizontal braces arranged between the two upper beams, 
as in Figure 75. The upper beams are now rendered perma- 
nent in their position, and a roadway may be carried along 
them ; the lower beams will be less steady, they may be 
moved by a lateral blast, but, as they undergo a tensive strain, 
they are in a state of stable equilibrium, and consequently re- 
turn to their places. This w^riggling motion would, however, 
very soon injure the structure, by loosening the joints of the 
vertical bracings to the upper "beams ; such a design is, there- 
fore, inadmissible for a permanent structure ; for sucli, the 
lower beams must be retained perpendicularly beneath the 
upper ones, which may bo effected either by the introduction 
of bracing between them, similar to that used for the upper 
ones, or by the application of oblique transverse braces, as 
shown in Figures 76 and 77. The first of these methods will 
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be sufficient, witliont addition, for bridges Iiavin;^ inodcrg 
spans compared witli their widths; ■wliile the second may I 
trusted to in any case, but, of course, in it the horizontal bra 
iiig employed in tlie npper part will require to be of donbl 
strength, as it must resist tlie whole pressure of the wind 
Tlio common pi-aetico is to einiiloy both of tbepe methods | 
the same structure, and in long spans, if it do not interf 
witli the roadway. Tho practice is to bo commended. Figi 
77. 

The principal recommendation of the first method, wliej 
used alone, is that it permits of the roadway being plac 
tlie level of the lower beams, which ia of the ntmost importaiw 
in situations wliere the bridge spans over roads or navi; 
waters, and suffleient height could not otherwise be given fi]| 
the passage of carriages or shipping beneath. Farther, it r 
([iiires little expense for parapets, and offers great facility! 
ibr the addition of a roof, or even of a second roadw 
along the upper beams. But particular attention must be p^fl 
to carrying up the abutments, so that they may offer f 
cient resistance to tho outsi:ies of the upper beams. 

In the design, Figure 38, when t!ie rise of the arch ia vei 
small and the span moderate, and when the arches hava 
considerable width of section (which may be convenieatljj 
given to them, if built up with deals, or constructed as tube 
with wrought iron, as Figures 80 and 144), then a single a 
of horizontal braces along the lower part may be sufficicDM 
and the roadway may bo on that level. (This also applies ) 
class first when the depth of the framing is small.) But whe) 
the structure does not comply with the above conditions, it w^ 
bo necessary to have a series of braces between the arches alBo.g 
for, as they arc in a highly compressed state, a very modera 
deviation from a horizontally straight line might bring ahoOl 
their rupture. But horizontal bracing being introduced 1 
twcen the arches, the road cannot be. carried along tho chore 
level ; it must be raised to the level of the crown of the arch,*J 

"■UolesB some new arrangEmeat be made In tlic deeign, as in t. 
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and the design then becomes that of Fignre 37, and the road- 
way will also require bracing. 

Most of the other structures of class third will beseeiire 
with two lines of horizontal bracings, and of these Figures 
;-t5 and 43 admit the roadway at the lower level. But when 
Figures 36 and 41 are of considerable span, it will be prudent 
to bestow three scries on them. 

In strnctures belonging to class fourth, each arch -wilJ 
reqnire to be braced liorizontally, and, generally, the roadway 
also. 

r L ATE- EK ACTS G. 

The forms of bridges to which the plate-bracing is more 
t'speeially adapted are the tubnlar and the segmental. 
Fignres 29, 35, 38, etc. 

In the first, there is this important source of economy, 
that each side of the tube is useful in two capacities — first, as 
the bracing against pressures acting in its plane ; and, second, 
as a longitudinal jnembcr against pressures acting at right 
angles to its face. In the form, Fignre 35, the strains in tlie 
plate are more uniform throughout. 

In the tubular form, let us consider, for an instant, the 
I action under a load, confining ourselves, for the present, to 

ing HtmctnreB. Fignrea 78 and 79, which, aro esamples ol tlie use of plale- 
biacing, may be used when the tiae ia not great. 

Figure 81 ia an an-angcniont Buitabic for linear Iinvcinga, and there is Ickr 
wftBte In it than would at Erst right appear. The inaido arches are kept 
perpendicularly over their chorda by the transverse bracing, which oPcopie« 
the central compartment throughoDt the whole length of the blidge ; and 
croaa connecting pieces or bracflB, throughoiit as great a length at the orowne 
as can ba permitted, retain the oater arches parallel with the inner ones. 
In thia deaign the rise muat necessarily be consi durable. 

Fignrea 83, 83, and 8-i show varletiea of another arrangement ; it is ii 
componnd of the first and third classes. The arch lias the roadway sas- 
pended from it by iron rods, and, in 84, it ia atillened by aeparate braced 
framea, placed one on either aide of it ; bolts are passed through the whole 
wherever the arch crosses a part of the frames ; the riae is made sufficient 
for the roadway to pass beneath the boriaontol bracing between the upper 
beftma. 
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tlic consideration of the bottom plate; thia is 6trcti;lied, but 
it will evidently be more so immediately below the Tertieal 
bracings, and riiptiira thereof would commence by the tear- 
ing of tlio edges. Tiio same quantity of material collected 
into tie-beams, and attaebcd to the bottoms of the vertical 
bracings, would offer a greater i-esiatcfiice ; bnt then, on the 
other hand, an additional horizontal braeinjf wonld become 
iiecessaiy. Similar reasoning applies, and with greater foi'ce. 
to the top plate; and on the determination of which of these 
arrangements is the most economical depends, in a great 
measure, the qnestion of the respective merits, for this case, 
of the plate and linear bracings when constructed of wronght 
iron ; for other niiiterials the plate form of bracing is not 
suited.* 

The want of unttbiinity between the strains at the edges 
and those at the middle lino of the plate, when it acts as a 
longitudinal member, may be obviated by giving it a slight 
convexity outwards, as in Pigure 85. This may be dono to 
the top and bottom plates, as, though it weakens them as 
bracings, EufScient strength, as such, will remain to counter- 
act any lateral disturbing infloenees. But this must bo 
looked upon rather as a refinement in theory than a practical 
improvement. 

In tbo form of IPigure 38, the plate-bi-acing may be modified 
so as to give lateral stability to the arch ; this is shown more 
jiarticularly iu the design Figure 78, wherein the plate is 
double. The deep featherings in Figure 79 are designed to 
effect the same object. 

The featherings alluded to at page — may be arranged 
on two plans : first, in perpendicular pieces, as in the Britannia 
tubes ; and, second, radiating from each pier, as do the lines of 



*CaBt-lron mnj, indeed, be ueed for plate-bracing', niiil, since tljat tonn 
of bracing demands coraparatively little tensive etrongtli in the materia], 
probably ultli good effect, nt loaat wliore beavineaa would not be a defect. 
Considerable .akil! must, liowever, be esoroised wlien tlie bracing ia com- 
posed of many parts. 
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lomprcigeioti' in Figure 72; in this last arrangement tiiej 
■regniro. to be of larger section to be equally effective, but, 
f I>eEides stiffening tbo plate, tbey carry a portion of tlie com- 
pressions to the piers. Perhaps, from variona considerations, 
a oombinatiou of the two plans would be tlio best, the feather- 
ings being applied in the one manner to the inside, and in 
thaotlicrway to the outside of tbo plato. 



CIIAPTEK II. 

ox THE CONSTRUCTION ASD APPLICATION OP THE BRACES. 

Whkn the braeing is poly-sjstemed, the braces may be 
arranged on different plans; thus: All the braces of tlie 
samosystem, as shown by Figure 86, may be in the earao plane, 
I, and the systems so near that the braces touch, notch, or 
Bjlalve into one another at tiie crossings. Or, as seen in 
Ht'Igure 87, all the braces lying in the same dircctioii may be 
Bn the same plane, and those inclined the contrary way iu an 
^Adjacent plaue.^ 

I In designing the joints of the braces, the following observa- 

^ tion on the action of the bracing is of eucli great importance 
' that, though indicated in the previous part, wo again pJaee it 
before the 'reader. That part of a pressure, iu a brace, which 
» is resolvable at right angles to tho longitudinal member is, 
when that member is straight, wholly transferred to the other 
i brace; and when the longitudinal beam is curved, the part 
I translcrrcd is sligMly diminished or increased, according as 
» the earvature is concave or convex towards the braces, when 
l_the longitudinal is compressed ; and when it is stretched, 
Kjtlia revei'30 is tlic caec. And the only pressure resulting in 
Khe longitudinal is in the direction of its length. 

^P *Or, aa n varietj of this seconcl arrangBriicut, suitable to a very broad 
Rongitudinal membnr, tbero may be leveral layer* o( parallol braces, inclined 
Bitematelj" ia op[ioslte'dlrectioiis. 
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1. Those requiring Utile or ito iron. — Bmcce of Uitt 
■ fliaracter would generally be used in those sitnntiona only 
where iron-work might he difficult to procare. The tsiiiiplefit 
kind of jointing for tliein is that by lueana of trenails, as in 
Figiuij 88, or by dovetail notching, aa in Figures 89 and 90. 
These methods are very suitable when tlio braces are thin 
■or plank-shapcd, aa in Town's Lattice Bridge. -Unt when a 
brace is liable to nndergo great compression, its setition 
t-honld be nearly square or circular. For braces of a stouter 
cliaracter, the Figures 93 to 95 illustrate methods of jointing 
adapted to n. longitudinal member constructed in a similar 
way to that shown by Figure 95. Modifications of these 
joints might be easily eonstnicted, capable of correcting the 
length of the brace; bnt sncli a property is nnnecessaiy, as 
there is uo difficulty in the way of preparing the braces with 
■the reqnisite accuracy. 

2, Those jointed with iron. — The most appropriate way of 
.applying wrought iron is in the Ibrm of straps, of which several 
varieties are shown by Figures 96 to 101. Bnt generally the 
method illustrated by the succeeding Figures 102 to 117, ol 
jointing the braeea by means of cast-ieon sockets, is recom- 
mended by the author. • These sockets are of two kinds; the 
iirst, including Figures 102 to 109, requires the end of the 
brace to be of a dovetail shape; the second, shown by 
Figures 110 to 117, to bo square-headed. The first is best 
suited to braces formed of a wood that is easily split, the aceonrl 
tor those of a tougher material. 

The disadvantages attending the braces with the dovetail 
joints are, that they require stronger sockets, in order to resist 
tLeir wedge-action; and that they might be sensibly lengthened 
by the compressibility of the dovetails allowing the ends to 
draw a little, unless they be wedged very tightly in, wliicli 
would increase the former evil. 

The only remark, since the subject is so fitlly illustrated by 
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figures, that it is necessary to make upon the construction of 
the square-headed braces is this : If the joint were formed as in 
Figure 116, there would be great danger of the piece a being 
wrenched off by any slight wriggling motion that might take 
place in the brace before the structure was perfected ; it is 
therefore constructed, as sliown by Figure 117, so that there is 
no angle at J, which, by acting as tlie tooth of a crowbar, could 
split off the piece a / but the slant oih c must be slight, otlier- 
wise there would be the wedge-action objected to above. 

Figures 109, 114, and 115 are forms of double sockets for 
tlie case, mentioned in the beginning of the chapter, of the 
braces of the same system being arranged iu two planes ; see 
Figure 87. And Figures 102 to 100, and 110 to 1 12, are forms 
of single sockets, which may sometimes be found useful in 
transverse and other bracings. The other forms are for the case 
of the braces of one system being all in the same plane, as 
seen in 86. 

The braces are retained in the sockets by short screw-bolts, 
either with or without covers. 

The liead of the brace and the inside of the socket should 
be coated with some preservative substance, such as a heated 
mixture of tar and pitch. 

One great advantage attending the use of the socket-joint, 
and also participated in by most of the previous forms, is 
that if a brace becomes injured by decay or accident, it can 
readily be removed and replaced by a sound one. 

The designs given are calculated for braces of moderate 
dimensions. 

IRON BKACES. 

To braces of iron the forms that may be given are very 
numerous ; but if we exclude those which do not admit of 
being individually removed, the number \v\\\ bo very consid- 
erably reduced ; and the best forms of sockets, such as Figures 
118 and 119, are liable to this objection. 
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iiig them witli the arcli contribute to this end, and, of conrBe, I 
effect a correeponding saving ; these bolts, with the addition of] 
fcrew-bolts, such as sliown iu Figures 13S to 140, -^rould t 
stituto a good arrangement. Trenailing forms a cheap addir;! 
tional means of stiffening the ai-ch, but renders the removal off^ 
a plank, in tlie event of its becoming decayed, an almost iin 
posBible operation. 

Fignres 141 and 142 show an American method of drawii^ 
the plaultB together; hy the use of these dovetail-giba aniS 
wedges and trenails, a etoiit arch may be formed -n-ithont thai 
aid of iron. 

For the case of Figure 38,- the arch ehonld have a broa;l| 
section, and then it might be expedient to use more than onerl 
system of braces ; a section of such an arrangement as is meant-J 
is shown by Figure 144 (see also foot-note, page 35). 

The spkinoino of a tied arch is a part that demands great at- I 
tention. The most perfect arrangement is that which distri-- 
butes the thrust of the arch equally over the section of the tie. J 
Hence tho method of Figure 14C is perhaps tlm best for i 
arch and tie of the nature shown ; each of the iron stops is fixed'J 
to its plank of the tie by nunierons screw-nails. Figures 14) 
and 149 are methods for the case of a laminated arch with i 
tie beam of a broad and thin section, 

IKON STKCCTUKE3. 

The lower bcani shoiildbeconstructedof wrought iron ; the I 
upper one may be of either kind, and, generally speaking, thaS 
tubular will be the best form that can be given to it, for whicl™ 
form wrought ii'on, as a material, is perhaps the more prefer-J^ 
able ; but is the more difficult of the two to manage when thm 
member is of the arched form, as the whole must be put to- 
gether on the ground and thence raised with powerful taeklej 
or tho riveting must be performed, with great inconveniencf 
on the centring. 

The springing of a tied wronght-iron arch may be formoc 
as shown in Figure 150, by surrounding tlic end with stron^'B 
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CHAPTER III. 

ON THE CONaxRUCTIOH OF OTHER PARTS OF BRIDGES. 

As tlio contents of tins chapter are in a great ineasiu'c 
Biipererogatory, tlie meagreness of.Oio aceoun* of such im- 
[lortaiit eiibjeets needs no apology. 



77(1? Iniigitudlnal memiers. — "Wlien tliese are too long or 
too rancli curved to be formed of one piece, tlie best eonstnie- 
tion is to build tliem np witli planks, using comparatively tliin 
ones wlien tlie part ia to act as a tie or is an arcli of moderate 
railins, and tbi^ker planka or deals when the part is straight 
itnd only subject to compression. In the latter case, care nitist 
bo taken to bring the butting ends into forcible contact ; in- 
deed, it might even be advisable to place in the joints thin 
wedges of hard wood or iron, which could, when needful, be 
tightened up to the proper degree. But in arches formed of 
thin planks, if care be taken in the construction, the wedges 
I may be dispensed with; the purpose will be effected, in 
I A great measure, by the great friction, and this may be further 
J increased by coating the planks with a hot mixture of pitch 
Lund tar, or by placing in all the joints a layer of strong brown 
1 paper dipped in boiling tar (as used by Messrs. J". & U. Green 
rin their laminated timber arches) ; bnt the most important 
;fit arising from this treatment is its preservative effect by 
I the exclusion of moisture.* The friction hero mentioned is 
I also of great importance from its stift'ening effect, rendering t!ie 
I areb, when sufficient, equivalent to one of whole timber ; it 
I primarily depends upon the compression induced by the screw- 
l bolts, straps, etc., that act npon the arch in the direction of its 
I radius; these, therefore, should be numerous and well tight- 
ened np. When brace-sockets are employed, the bolts connect- 



•Or, tlie planks being dressed w 
' Dsed, as in building large mostg. 



ii tlte piano, wbiEe-tead paiDt mitj' be 
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son, witli tlio ttibiilnr bridf^ea, it may be put togetber at Bome 
convenientapot, and thence removed in a nearly complete state 
to itB permanent site; or, if erected tbere, only a very simple 
and inexpensive scaffolding will be necessary. 

Tbe form, of wliicb Fignre 153 is a transverse section, may 
be considered as a variety of tbe first class; in it the main 
braces require to be longer; the horizontal braces are alsu 
necessarily longer, but tliia renders them more powerful ; its 
advantage are, that by concentrating the upper beams into 
one, their joint strength against compression will be in- 
creased; that one series of horizontal braces is sufficient; 
and that it may be roofed in at veiy little expense. 

Speaking generally, the interaally-braced arches are' sn- 
perior in strength to those with external bracing; the ad- 
vantage attends the deepening of tlie bracing towards thu 
mid-span. 

When a etructnre of class fourth has the arches parallel, 
it may possess the recommendation, when cast iron is em- 
ployed for the bracing, of uniformity of the castings. 

The method of connecting the braces to the main beams 
by means of trenailing may appear very rude, but it is ca- 
pable of producing coneiderablo strength; and, as it may in, 
some situations be a convenient one, the reader is referred, 
if unacquainted with better data, to a table of the strengths J 
of trenails, given in the last edition of the " Encyclopiedia Br|-^ 
tannica," art. " Shipbuilding." 

We are not aware of any satisfactory experiments Laving^J 
been made to determine that strength of timber which a 
from the resistance to severance by the sliding longitndi-r, 
nally of a part of the material, upon which primarily depends' 
the strength of the socketed wooden braces against a tensive ] 
strain. This strength or resiBtanee to severance will be in- 
creased in the dovetail form by the lateral compression, ba^ J 
it may be lessened in the square-headed variety, if care ba4 
not taken to obviate any splitting action — that is, any forcol 
acting so as to wrench the fibres separate. 
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The following observations arc made in order to slipw tlic 
applicability of the formnlae to the forms of bracing seen in 
Figures 15, 16 or 17, and 18 : In Figure 15, if a weight be 
placed at c, the portion of it which must be imposed on the 
pier to the left side will not influence ch or &«, as J a cannot 
act the part of a tie. It is therefore conveyed by <?c?, da^ etc. ; 
and through these parts would, in like manner, pass the 
strains arising from all the weights placed to the right of c?, 
which would ultimately arrive at the pier to the left side. 
When all such weights are alone on, the strains in cd and da 
are maxima. A similar course would be pursued by the strains 
in the bracing of Figure 21. The effect of the portion of the 
weight at c, which is to be supported by the pier to the right, 
must flow through the strut, and not through ch. Thus it is 
readily seen by what loading the strain in a part is rendered a 
maximum, and also the formula by which its amount will l>e 
given, after substituting the proper values for the symbols. 

The bracing must be continued throughout the length of the 
structure. This will be clearly seen by inspecting Figures 153 
and 164, which show changes that may take place when only a 
part is braced. 

An arch may be employed without having the bracing ar- 
ranged along its intrados or extrados ; it may bo stiffened by 
l^eing connected with a braced structure of class :&rst. Figures 
82, 83, 84, 155, and 156 are illustrative of this compound ar- 
rangement. In the arch, the radius of curvature may be made 
to diminish more rapidly in approaching the crown than if the 
curve were a parabola, as it is principally required to aid the 
class-flrst portion at the mid-span. The maximum strains in 
the parts of the class-flrst portion will be very much reduced 
by the addition of the arch. Figure 156 is a good design for 
very large stnictures, as it permits of the roadway being at the 
lower level, and as then the horizontal bracing between the 
upper beams would be sufficiently high ; the arch and each pf 
the straight longitudinals will require horizontal bracing. 

In class first a saving of half the scantling at the centre of 
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tlic main beams might be effected, if a prcBSiu-e oi exactly \^. 
were made to act teriEitely at each end of tbe upper beam, and 
fompressively at the ends of tiio lower one; for tlien one-halt' 
of the load would be borne up on the principle of the girdei" 
supported at both ends, wliilo the other half would bo upheld 
on the principle of a projecting beam fixed at one end and 
unsupported at the other. The straihs in the longitudinals 
would be subject to a peculiar arrangement. Their maxima 
wonld occur at the niid-epan and at the cxtreniitieB, andwonld 
bo = '—, or half what would otherwise take place at the 
centres, and the strains at tbe extremities would bo tensive 
nbould that at the centre be compressive, and vice versa; and 
at the points midway between tbe mid-span and the exti'emi- 
ties, where the strains change their character, the longitudinals 
would of coui-ae bo free from all action. Advantage is taken, 
to some extent, of this compound action in the Britannia 
IJridge, by the method pursued in uniting the tubes over the 
ccnti'al pier or tower. 

The following observations are an extenaiou of a principle 
employed in the latter part of Chapter V,, Part First, Let 
Figure 64j represent a portion of a vonssoired arcb ; now, if 
the line of pressures, from not being capable of conforming U> 
the curve of the arch, rise above it at a, as shown by the dot- 
ted line, tlie joint ah will open at S. But let us suppose tlio 
joint at h to become solid, or that it is made good there by 
means of bolting, the line may then rise above a or any joint 
sufficiently united at its lower point ; and might also sink be- 
low a part of the arcb, were tbe upper points of tbe joints 
tied. This is tbe transition condition between an arch and a 
girder action ; it is that in which a cast-iron (or other continu- 
ous rigid) arcb may be placed by an uneven loading too severe 
for its depth of section. When strengthened by bracing, the 
joints cannot open, as the roussoira are then prevented chang- 
ing their jjroper radial directions. 

The strains in the several parts of Figure 31 will be exaet- 
ly the same in amount, bnt of opposite character, with those in 
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the corresponding parts of Figure 38. And generally, wliat- 
ever Las been said with regard to the comportment of the line 
o( pressures in the braced erect arch applies, in a reversed 
£tate, to the curve or line of iensians in the braced inverted 
arch, or rigid suspension bridge. 

And here the writer would almost be induced to speculate 
npon the possible extent to which bracing might be employed, 
imagining structures wherein each brace would offer in itself 
no contemptible example of braced construction ; but he re- 
strains himself, deeming the opportunity objectionable for such 
suggestions. 



APPENDIX. 



WnEK the printer liad made considerable progress, and 
consequently when it would have been very inconvenient to 
notice it at the proper places, I observed, at page 391 of the 
Civil Engineer and Architect^ Journal for Decembei*, 
1850, an account of the failure of a girder bridge in which 
the triangular method of bmcing was employed. I was not 
previously aware of a patent having been granted for any 
structure employing the method, however imperfectly. 

The instance of iliilure of the structure of which I speak 
oflfers an opportunity of employing the results obtained in 
Chapter III., Part First. I will, however, merely outline the 
application, as it is a very simple matter : The hraceSy on ap- 
])roaching the piers, ought to increase in strength, as seen in 
Figure 47. In that figure, 1 m will represent the fractured 
brace; it had to undergo a very great tensive strain, but was 
made of cast iron of no greater section than the central braces ; 
it — ^and we cannot wonder at it — broke. The great virtual 
loading impressed on the point 2 by the brace I 2 being thus 
lefb to be upheld by the transverse strength of the upper longi- 
tudinal part, that part became fractured near the said point. 
The remaining fracture probably resulted from the direct 
action of the load on the portion left projecting. It is not 
stated that any further breakage took place ; if none did, the 
circumstance may be explained by the peculiar construction of 
the " girder." The lower longitudinal part, which was com- 
posed of wrought-iron chain-work, though it could not give 
aid in supporting the point m, while it continued quite hori- 
zontal, offered, after the failure, sufficient to uphold the wreck ; 
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and the terminal braces of what remained as a "girder" 
proved sufficient for the diminished load and span. 

The writtjr of the article suggests that the accident would 
have been averted, if the lower longitudinal part had been of 
cast iron, and all cast in one piece. The longitudinals require 
very great strength at the mid-span ; consequently, if of cast 
iron, the lower one would demand a very large section there 
to resist the great tensive strain. But let it not be supposed 
that I approve of the mixture of cast and wrought . iron as 
managed here. The danger of the combination lies Jn this : 
that the elasticity of the wrought-iron tie may be so great as 
to allow the points (say^* and ^, Figure 47) of the braced ele- 
ments to separate further than the elasticity of the upper cast- 
iron longitudinal can permit without fracture (at point 4). 
If, however, the upper longitudinal member be jointed at each 
of the points, 2, 3, 4, 5, etc., the latter danger will be provided 
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judge understandinL^ly for biutaelf, aa to the relative merits of different plans 
and eombinatians, and to adopt for use such aa may he moat suitable for the 
oases he may have to deal with. 

It is hoped the work may prove an appropriate Text-Book upon the aubjeot 
treated of, for the Enjpueering Student, and a useful m p"""! for the Practio- 
ii^ Engineer and Bridjfs Builder. 
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Stoney on Strains. 

JToMi omd Revised Edition, with numeroua illustrations. 



Eoya! 8to, 664 pp. Cloth. $13.50. 

THE THEORY OF STRAINS IN GIRDERS and Similar Struc- 
tures, witli Obsorvationa on the Applicatioa of Theory to Practice, 
and Tables of Strength and other Projiortiea of Materials. Ey 
BiHiioN K. Stonky, B. a. 



Roebling's Bridges. 

Imperial folio. Clotll. $25.00. 

LONG AND SHORT SPAN EMLWAT BRIDGES. By Johw 
A. RoEBLiRG, C, E. Illustrated with large cupperplate ongrav- 
inge of pla&B and views. 

Zisl of PUUes 
1. Parabolic Truss Railway Bridge. 3, 3, 4, 5, 6. BetailB of pBrabolic 
Tmss, with centre apan 500 toot in the clear. T. Plan and View of a Bridge 
over the Mississippi Kivec, at St. Louis, for railway aad commoii trareL 8, 9, 
10, 11, 13. Details ajid Vie<r of St. Louis Bridge. 18. BailroDd Bridge over 
the Ohio. 



Diedrichs' Theory of Strains. 

8vo. Cloth. $5.00. 

A Compendiunt for the Calculation and Construction of Bridges, 
Roofs, and Cranes, with the Application of Trigonometrical 
Notes. Containing the moat comprehensive information in re- 
gard to the Eesulting Strains for a pennanont Xoad, as also for 
a combined (Permanent and Rolling) Load. In two eections 
adapted to the requirements of the present time. By John Dikd- 
Bicns. Illustrated by numerous plates and di^^-ama. 

" The want of a compact, uniyersal and popular treatise on the Construo- 
tion of Koofa and Bridges — eapeciallf one treating of the inSuBnco of a varia- 
ble load — and the nnsatisfaotory essays of different authors on the subjwt, 
indooed ma to prepare fhia work." 



Jl 



B. VAIff NOSTRAND. 

"WTiilden's Strength, of Materials. 

I2mo. Cloth. $2.00. 
ON THE STEENGTK OF MATERIALS used in Engineeri 
Coufllruction, By J. K. "WmioiEs. 



Campin on Iron Roofs. 

Largo 8vo. Clcith. $3.00. 

ON THE CONSmUCTION OF lEON ROOFS. A Theoretical 
ftnd Practical Treatise. By Feancis Oampih. With wood-catd 
and plat«8 of Eoofa lately osocuted. 

" The lofttlieinatical formulas are of an elementary kind, and tha process 
admita of an easy eit«n«ion so aa to embmoo the proniinont variotieH of iron 
truss bridges. Tha treatise, though, of a pntotical scientific character, may ba 
easily maatered by any one familiar with elementary meuhaoics and plane 
trigonometry." 

HoUey's Railway Practice. 

1 voL folio. Cloth. $13.00. 
AMEEIOAN AND EUEOPEAN RAILWAY PRACTICE, in 

the Economical Qeneratiaa of Stuam, including the materials 
and construction of Coal-burning Boilora, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, 8uper-heating, Supplying 
and Heating Foed-water, &o., and the adaptation of Wood and 
Coke-buming Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &e., &c. Bj Alesandee L. Hollet, B. P. With 77 
lithographed plat«s. 

"Thia ifl an siaboratB treatise by one of one ablestcivileagineers, on the con- 
Htruotiou and use of lomtuotives, with a few ohaptors on the building of Kail- 
roLda. » • • ill these subjeots are treated by the author, who is a 
first-clasB railroad engineer, iu Ixith an intelligent and intelligible nisiuier. The 
'facta and ideas are well arranged, and presented in a clear and aimple style, 
aocompanied by beautiful engravings, and we presume the work will be regard- 
ed BB indispensable by all who are interested in a knowledge of the conittruG- 
tion of railroads and rolling stock, or the working of locomotives."— .^iTis^iii^i: 
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Glynn on the Power of "Water. 

12mo. Cloth. *tOO. 

A TEKITTSE ON THE POWER OF WATER, as applied to 
diivo Flour Mills, and to give motion to Turbinea and other 
Hjdroatntic Engines. By Joseph Glynjt, E.R. S. Tliird edition, 
revised and enlarged, with numerous illuBtratioiis. 



Hewson on Embankments, 

Sta. Cloth. $y.oo. 
PRINCIPLES AND PRACTICE OF EMBANKING LANDS 
from Eiver Floods, as applied to the Levees of the Miasisaippi. 
By William Hewson, Civil Engineer. 

" This ia a valuable troatiBO on the principlea and praotico of embanking 
lands £rom. river SoDdfi, aa applied to the Leveefl of the Miasiaaippi, by a highly 
iiit<>llig«at and experienced engineer. Tho authur eaya it is a first attempt 
to redoes ia order and \o rule the designr ex^ution, and nLoasuremont of the 
LevBCB of tho Hiaeisaippi. It is a most useful and needed contiibutloii to 
Boientifio literature. — Philadelphia E-oening JoumaL 



Griiner on Steel. 

8vo. Cloth. $3.50. 
THE M.ANUFACTURE OF STEEL. By M. L. Gkttkeh, trans- 
lated from the French. By Lenox Smith, A. M., E. M., witii an 
appendix on the Beaaemer Prooeaa in the United States, by the 
translator. Illustrated by lithographed drawinga and wood-cuts. 

" The purpose of the work ia to present a careful, elaborate, and at the 
same time practical oiaminatLQa into the physical propertins of steel, aa well 
as a description of thenewprocesaes and moohanical appliances for its manufac- 
ture. The information which it contains, gathered from many troatnorthy 
Bonrcca, will be found of much value to the American steel manufacturer, 
who may thus acquaint himself with the ■Bsnlta of careful and elaborate es- 
perimentd in other countries, and better prepare himself for ancceaaful com- 
petition in this important iaduatry with, foreign makers. The fact that this 
volume is from the pea of one of the ablest metaUargists of the present day, 
cannot fail, we think, to seenta for it a favorable consideration. — Iron Age. 



Kirkwood on Filtration. 

4to, Clotih. Die.oo. 

EEPOET ON THE FILTEATION OF EIVEE WATERS, for 
the Supply of Cities, as practised in Europe, made to the Board 
of Water Couunissioners of the City of St. Louis. By James V. 
Kirkwood. IlluHtrated by 30 double-plate engravings. 

COSTENTH. — Report on Filtration — London "Works, Genaral — Chelsea 
"Water "Works and FUtera— Lamboth Water Worka and FaterB— Soutbwark 
and VuuihiJL "Water "Works and ^Filters — Grand Junction Water "Works and 
Filters— "West MiddleseK Water Works and Filtera— New Eirbr Water 
Works and Filtera — East London Water Works und Filtere — Leicester Water 
Works and Filtera— York Water Works and Filtera— Liverpool Water Works 
ajjd Filters— Edinbnigii Water Worka and FUters— Dnljlin Water Works 
and Filtera— Perth Water Works and Filtering Gallery— Berlin Water 
Works and Filters — Hamburg Water Works and Reservoirs — Altona Water 
Works and Filters — Tours Water Works and Filtering Canal — Angers Water 
Works and Filtering- Oalleriea — Nantea Water Works and Filters— Lyons 
Water Works and Filtering Galleries — Toulouse Water Works and Filtering 
Galleries — Marseilles Water Works and Filters — Gienoa Water Works and 
Filtering Gallaries— Leghorn Water Works and Ciaterna- Wakefield Water 
Works and Filters — Appendix. 



Tunner on RoU-Tiiming. 

1 vol. 8vo. and 1 vol. plates. $10.00. 

A TREATISE ON BOLL-TUENING FOE THE ILYNTIFAC- 

TO"EE OF lEON. By Peter Totjuer. Translated and adapted. 
By JoHB B. PEiaaB, of the Pennsylvania Steel Works. With 
numerouH wood-cuts, 8vo., together with a folio atlaa of 10 Ktho- 
gmphed plates of Eolla, Meaauremeuts, &c, 

" We commend this book aa a clear, elaborate, and practical treatise upon 
the department of iron manufacturing operations to which i 
The writer states in bis preface, that for twenty-five years he baa felt the 
necessity of snch a work, and has evidently brought to its preparation the 
frnits of experience, a painstaking regard for accuracy of statement, and a 
deuire to furnish information in a style readily understood. The book should 
bo in tho bands of every one interested, either in the general practioa of 
mechanical engineering, or the special branch of manufacturing operations to 
which the work relates.' — American ArUtan. 
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Slide Valve by Eccentrics, by Prof. 
C. W. MacCord, 

4to. niuatratad. Cloth, JiOO. 

A. PILVCTICAL TliEATISE ON THE SLIDE VALVE BT 
ECCENTlilCS, examining by nietlioda, the ftction of tlie Eeoen- 
tric upon tlie Slide Valve, and explaining the practical pixjoes- 
eea of laj-ing out the movements, adapting tlie valve for its 
various duties in the steam-engino. For the use of Engineers, 
Draiiglitemon, Machinists, and Stndents of valve laotiona in 
generaL By C. W. MacCoed, A. M., Profeesor of Mechanical 
Drawing, Stevens' Institute of Technology, Hoboken, N J. 



Stillman's Steam-Engine Indicator. 

13mo. Clotlu *1.00. 

THE STEAM-ENGINE INDICATOE, and the Improved JIano- 
meter Steam and Vacuum Gauges ; their utility and application 
By PiTJi Sttllmait. New edition. 



Bacon's Steam-Engine Indicator. 

ISmo. Cloth. $1.00. Mor. $1.50. 

A TREATISE ON THE EICHAUDS STE^IM-ENGINE IN- 
DICATOR, with directiona for its use. By Chamles T. Pobteb. 
Eevised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful fomiulie and 
rules for Engineers. By F. \V. Baook, M. E., Member of the 
American Society of Civil Engineers. Illustrated. Second Edition 
In this work, Mr. Porter's book has been taken as the basia, but Mr. Boooa 

bus adapted it to American ProctJGe, and has oonfecred a great boon on 

American Enginoers. — Arthaa. 



Bartol on Marine Boilers. 

8vo. Cloth. $1.00. 
TREATISE ON THE MARINE BOILERS OE THE DNTCED 
STATES. By H. B. EiHTOL. Illustrated. 
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Gillmore's Limes and Cements. 

Fourth Edition. Eevlaeit and EnUirgd. 

8vo. Cloth. $tO0. 

PRACTICAL TREATISE ON LIMES, HTDEATILIO CE- 
MENTS, AND MOETARS. Papers oa Practical Engineering, 
U. S. Engineer Department, No. 9, containing Eeporta of 
numeroua experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q, A. Gilljioee, Brig-General 
U. S. Volunteers, and Major U. S. Corps of Engineers. With. 
numerous illustratioiia. 

" This work containa il rocord of oertaizL experimerLts and resparchoa made 
nndar the Buthority of tho Engineer Bureau of the War Department from 
1858 to 1881, upon tho Tarious bydniuliD cemeiits of tho United Statea, and 
tha materiala fcr their manufa^tiire. The eiporimenta were carefoUy made, 
and aiG well reported imd compiled. ' — Juurmd Franklin IiuUtuU. 



Grillmore's Ooignet Beton. 

Svo. Cloth. 43.30. 

COIGNET BETON AND OTHER ARTIFICIAL STONE. By 
Q. A. GiLLuoHE. 9 Plates, Views, titc. 

This work describes witli considerable minuteness of detail tho several himla 
of artificial stone in most, general use in Europe aud now beginning to be 
introdnccd in the United States, disoosaos their propertica, rolativo merits, 

and cost, and describes the raateriila ot which they oro composed 

ThBflubjoct 19 one of special and growing- interest, and we commend the wort, 
embodying as it does the matured opinions oE an experiemied engineer and 



"Williamson's Practical Tables. 

4to. Elesibla Cloth. $2^0. 

PRACTICAL TABLES IN METEOROLOGY AND HTPSO- 
METEY, in connection with the use of the Barometer. By Col. 
R. 8. WrLLiAusoM, U. S. A. 
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"Williamson on the Barometer. 

4to. Cloth. *15.00. 
ON THE USE OF THE BAROMETER ON SURTEYS AND 
EEC0NNAISSANCE8. Part I. Meteorology in its Connec- 
tion with Hypsometry. Part Hk Barometric Hypsometry. By 
E. S. "WiLLiAMso:*, Bvt. Lieut-Col. XI. 8. A., Major Corps of 
Engineers, Witli Illustrative Tables and Engravinga. Paper 
No. 15, Professional Papers, Corps of Engineers. 

" San FniNCisco, C.u... Feb. 57, 1887. 
" Qen. A. A. HuMPHKETa, Chief of Engineers, U. 8. Army : 

"GEKEitAL,^ — I haTO the honor to submit to you, in the following pages, the 
reaulta of my mvestigationH in meteorology and hypaomotry, majiB with the 
view of HiSoertiiining Low far the barometer can be used as a reliable inatru- 
moiit for determining altitudes on extended lines of survey and reoonnoJa- 
sancoa. Thfao investigations have occupiod tho leisure permitted me from my 
professional duties during the last ten years, and I hope the results will bo 
deemed of sufGcient valuo to tmro a placo assigned tbem among the printed 
professional papers of the United States Corps of Engineera. 
" Very respectfully, your obedient scrrani, 

"R. S. WTLLIAMSON, 
"BTt. Lt.-Col. U, a. A,, Major Corps of II. S. Engineers."] 



Von Cotta's Ore Deposits. 

8to. aoth. fiOO. 
TREATISE ON ORB DEPOSITS. By BEmssABn Voir CoMi, 
Professor of Geology in tlie Royal School of Mines, Freidberg, 
Saxony. Traaelated from the second German edition, by 
Fkeiieuick Prime, Jr., Mining Engineer, and revised by the 
author, with aumerous illustrations. 






" Prof. Von Cotta of the Freiberg School of Mines, is the author of the 
best modem treatise on ore deposits, and "we axe heartily glad that this ad' 
mirnMe work has been translated and published in this country. The trans' 
lator, Mr. Frederick Prime, Jr., a graduate of Freibei^, has had in hia wiirk 
the great advantage of a revision by the author himself, who declares in a 
prefatory note that tliia may be considered as a new edition (the third) of his 

" It is a timely and welcome oontribntion i« the literature of mining in 
this country, and wo are grateful te the translator for his enterprise and good 
judgment in undertaking its preparation ', while we recognize with equal co^ 
diality the liberality ot the Buthor in granting both perniisBion and assist- 
ftieui in Engineering and Mining Journal. 
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Plattner's Blow-Pipe Analysis. 

Second edition. Eerised. eVo. Cloth. f7.60. 
PLATTNER'S MANTTAL OF QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE ELOW-PIPE. From 
the last German eilitioa Eevisoil and ealargod. By Prof. Tti. 
ErcnTER, of tho Eoyal Sason Mining Academy. Translated by 
Prof. n. B. Cornwall, ABsistant in the Columbia Soliool of 
Mines, New York ; assisted by John H. CiswELL. Iliustrattnl 
with eighty-seven wood-cuta and one Lithographic Plate. 560 
pa^s. 

" Plattner's celebrated work liaa long been reoognized aa the only complata 
boot on Blow-Pipe AualyRis. The fourth German edition, edited by Prof. 
Richter, fnlly BuatainB tho reputation wHch the earlier editiona acquirod dor. 
ing the litetiine ot the author, and it ia a source of great satisfaction to us to 
know that Prat. Richter haa co-operated with the translator in issoing (ha 
American edition of the work, which is in fact a fifth edition of the original 
work, being far more completo than the last German ediUon." — Silliman't 

There is nothing' bo complete to be found in the English language. Plfttt- 
ner'a book is not a raero pocket edition ; it is iatended ba a coniprehenaive guide 
to bU that la at present kaawu on the blow-pipe, and as such ia really indis- 
pensable to teachers and advanced pnpila. 

" Mr. CornwaU's edition is something more than a translatiDn, as it contains 
many corrections, emendations and additions not to be fonnd in tho original. 
It is a decided improvement on the work in its Gorman dress." — Journal of 
Applied Cltemialrg. 



Egleston's Mineralogy. 

8to. UluHtratod with 34 Lithographic Plates. Cloth. $4.50. 

LECTUHES ON DESCRIPTIVE MINERALOGY, Delivered 
at tho School of Mines, Columbia Ooilego. Er Pkofessou T. 
Eqleston. 

These locturea are what their title indioatca, the leoturea on Mineralogy 
delivered at the School of Mines of Cdurabia College. They have been 
printed for the students, in order that more time might bo given to the vari- 
ous methods of examining and determining minerals. The second part has 
only been printed. The first pnrt, comprising crystallography and physical 
mineralogy, will be printed at some future tinier 




16 SCIEN'TIFIC BOOKS PUBLISHED BY 

Pynchon's Chemical Physics. 

New Edition. Jtevised and Enlarged. 

Crown 8yo. Olotk $3.00. 

INTRODUCTION TO CHEMICAL PHYSICS, Designed for the 
Use of Academies, Colleges, and High Schools. Illuatrated with 
numerous engravings, and containing copious experiments with 
directions fur prepaiing them. By Thoma.8 Edsoles Pymchon', 
M.A., Professor of Chemiatry and the Natural Soienoes, Trinity 
College, Hartford. 
Hitherto, no wort suitable for general uae, treating^ of all theae Bnbjects 
within the limits of n single Tolnme, aoiild be found ; consequently tho atten- 
tion they biTe receired has not boon at aU proportionito to their importance. 
It ia bolipTod that a. book containing so much, raluablo information within bo 
small a compass, cannot fail to meet with a ready Bale among all intelligent 
persons, while PrDfeBsional men. Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, Mid ArtiaanB gencraUj, will find it specially 
valuable, if not nearly indispensable, as a book of reference. 

" We strongly recommend this able treatisa to Onr readers as the first 
work over published on the subject free from perpleiing teohnicalitiea. In 
style it is pure, in description graphic, and its typographical appearance is 
artistic. It is altogether a most excellent work." — Eeteetie MedScal Journal. 
" It treats fully of Photography, Telegraphy, Steam Engines, and the 
various applications of Electricity. In short, it is a earefnlly prepared 
volume, abreast with the latest scientific discoTeries and iuTentious.'' — Hart- 
ford CauTanL 



Plympton's Blow-Pipe Analysis. 

ISmo. Ooth. 12.00. 
THE BLOW-PIPE : A System of Instruction in its practical uae 
being a graduated course of Analysis for the use of students, 
and all those engaged ia the Examination of Metallic Combina- 
tions. Second edition, with an appendix and a copious index. 
By Geoeob W- I'lympton, of the Polytechnic Institute, Brooklyn, 

" This manual probably has no superior in the English language as a teit- 
book for beginners, or as a guide to the student working without a teacher. 
To the latter many illuatrationa of the utensUa and apparatus required in 
using the blow-pipe, as well as the fully illustrated description of the Uow- 
pipe flame, wiU ba especially serviceable."— A'ew Ywk Ihuclier. 
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TTre's Dictionary. 

Siscth Edition. 

London, 1873. 
3 voia. Svo. Cloth, $25.00. Half Rnsria, $32.50. 

DICnONAEY OF ARTS, MANUFACTURES, AND MINES. 
By As-Dcuw TTbe, M.D. Sixth edition. Edited by Hobket Ilnm, 
F.E.S., greatly enlai-ged ciwl rewritten. 



Brande and Oox's Dictionary. 

New Edititm. 

LondoB, 1BT2. 

3 vols. 8vo. Cloth, $30.00. Half Moroooo, $37.50, 

A Dictionary of Science, Literature, and Art. Edited by W. T. 

EttiKHE and Rev. Geo. W. Cos. New and enlai^d edition. 



Watt's Dictionary of Chemistry. 

Suppletnentary Volume. 

8yo. Cloth. (19.00. 

This volume brings the Record ot Chemical DiBOovery down to the end ol 
tlie year 1369, including dtao sovur^ additions to, and corrections ot, former 
reanlta ■which, have appeared in 1870 and 1871. 

■g* Complete Seta of the Work, New and EeyiBed edition, inolndin^ above 
anpplement. vols. 8vo. Cloth. $02.00. 



Rammelsberg's Chemical Analysis. 

Svo. Cloth. $3.36. 

GUIDE TO A COURSE OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINERALS AND FUR- 
NACE PRODUCTS. Elustratod by Eiamplea. By C. F. 
Rauhblsbbrq. Translated by J. Towler, M.D. 

Thia work has been trBiDslate'd, and la now pnhliahed cxpreaaly for thoae 
vtndents in chemiatry whoso time and other studies in colleger do not permit 
them to enter upon the more elaborate and eipensivB treatiaea of Fresaniua 
and others. It is the oondenied labor of a master in ohemiotry and of a prao- 
tioal analyst. 
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Eliot and Storer's Qualitative 

Chemical Analysis. ■ 

Ntnv Edition, Rtirlsed. ^H 

I3uio. niuatrated. Qotli. $1.50. S 

A COMPENDIOUS MANUAL OP QUALITATIVE CHEMI- 
CAL ANALYSIS. By Chaeles "W. Elcot unJ Feunk n. Stouee. 
Eeviaed with, tlie Cooperation of the Authors, by William: Hip- 
LBr NiCHota, Professor of Cheniistry ia the Massachusetta Insti- 
tute of Technology. 

" Thia Manual has great merits aa a practical introductioii to tie Hcience 
and tliH art ot which it trcata. It ccmtainH enough of tho theory and praotiea 
at qualitatire analyeiH, " in liie wet way,' to bring: out all the reasoning' in- 
volved in the science, and to present clearly to the Btuilcnt the moat approved 
methods of tlio art. It is specially adapted for esBrcises and eiperiments in 
the laboratory ; aci yet itn clussiRcntioiis find maimer of treatment are so 
ayatematio and logical throughout, aa to adapt it in a high degree to that 
higher class of students generally who desire an aeeuiate knowledge of the 
practical methods of airiviug at scientific facts." — Lwtheran Observer. 

" Wo wish every academical class in the land, could have the benefit of lie 
fifty exercises of two hours soch nccegBary to master this boolc. Chemistry 
wonld ceaee to be a mere matter of memory, and become a pleasant esperi- 
montal and intelleotuul recreation. We heacWly commend fJiis little volnme 
« of thote teachers who believe in using the sciences ae moons of 



pitrnfail discipline 



•e Courant. 



Craig's Decimal System. 

Square 8imo. Limp. 50c. 






WEIGHTS AND MEA8UBES. An Account of the Decii 
System, with Tables of Conversion for Commercial and Scientifie 
Uses. By B. P. Cbaib, M. D. 

" The moat lucid, accurate, flii3 useful of all the hand-books on this subjeiit 
that WB have yet seen. It gives forty-saven tables of comparison between tho 
English and French denominations of length, area, capacity, weight, and the 
Contigrado and Fahrenheit thermometers, with clear iustmctionB bow to use 
them; and to this practical portion, which helps to make the transition as 
easy as possible, is prefiied a scientific explanation of the errors in tho metrio 
system, and how thoy may be correoted in the laboratory." — Nation. 
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Nugent on Optics. 

ISmo. Cloth. %2M 

TREATISE OX OPTICS ; or, Light and Sight, theoretically and 
practieallj treated ; with the application to Fine Art and Indus- 
trial Pursuits. By E. Nugent. With one hundrel and three 
illustrationB. 

" Thia book U of a pnutical rather than a tlieoretical Icind, and ia &e- 
aigned to afford aocuratp and complete information to all interested in appli- 
oations of tha scienoc." — Bound Table. 



Barnard's Metric System. 

8vo. Brown cloth. J3.00. 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 
Aa Address delivered before the Convocation of the University of 
the State of New York, at Albany, August, 1871. By Fkedebick 
A. P. Babnard, President of Columbia CoUege, New York City. 
Second edition from the Revised edition printed for the Trustees 
of Columbia College. Tinted paper. 

"It is the best aummary of the argumentB in favor of the metric weights 
«nd measureB with which wc are acquainted, not only because it oontaina in 
Emull apace the leading facts of the case, but because it pnta the advocacy of 
that ayatcm on the only tenable grounds, namely, the great conrenience of a 
d»!iinal notation of weight and measure aa woll as money, the valne of int«'- 
natioual uniformity in tlio matter, and the fact that this metrio system is 
adopted and iu general use by the majority of civilized nations." — TheNatwn. 



The Yonng Mechanic. 

lUastrated. lamo. Cloth. $1.75. 

THE YOUNG ilECHANTC. Containing du-eetions for the use 
of all kinds of tools, and for the conetruction of steam engines 
and meehanieal models, including the Art of Turning in Wood 
and Metal. By the author of "The Lathe and its Uses," etc 
Prom the English edition, with corrections. 
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Harrison's Mechanic's Tool-Book. 

lamo. Cloth. $1.50. 
MECHANIC'S TOOL BOOK, with practical rules and Buggeationg, 
for the use of Machinists, Iron Workers, and others. By W. B. 
Hajbrison, Associate Bditor of the " Antericaa Artisan." Illustra- 
ted with 44 engravinga. 

"This work is epeciallj adapted Co meet the wants of HocMnistB and work- 
era in iron generaU/. It is made ap of the work-day eiperience of an intelli- 
geut aud inpeiuouB meohanic, who had the faculty of adapting tools to TOrioiU 
piirpoaea. The prat^tiuability of his plans and suggestions are made apparent 
eviiu to the unpractised eye by a series of well-executed wood eogratings." — 
Philadilpkia Taquirer. 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Eighth Edition. Pro. Cloth $2.00. 

A Hand-book for Electricians and Operators. By PtiKK L. Pope. 

Seventh edition. Revised and enlai^ed, and fully illustrated. 

Extnift from LeOrr of Prof. Mirrte. 
" I haTehad time only cutsorflyto eitunine ita eontfnta, hut tliia enuolnan' 
tion has reaall«d ia great gratification, especially at the fairness and iukpT»-< 
jndiced tone of your whole work. 

" Tom' illHgtiatod diagrams are admirahle and beantitnlly exMnted. 
" I think all your inatructiDns in the nse of the telegraph appaiatoa jndS- 
dioua and correct, and I most cordially wish yon socccss.* 
SXtraet frvwt LeOrr Y P^f- O. W. Hinigk. o/ Aa Du^es ObtsreaUrf. 
" Thne U no other work of this kind in the Bpgiiah tangoage that nin- 
taina in aa small a cuupa^a so moch practical information La the spplicatimi 
of galTauic eleetiicity to telegraphy. Il should be in the hands of overy 
intenstad in t^lography. or the us» of Batleiic* for other pdrpases." 



Morse's Telegraphic Apparatus. 

nhutiatfd. Snx Cloth. |3.0Q. 

EXAMINATION OF THE TELEGRAPHIC APPAPATUS 

AND THE PROCESSES IN TELEGAPHY. By Sakitkl F. 

B. MoKSE, LL.D., United States Oomiuiasioner Puis nmrersal 

Exposition, lt»67. 
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Sabine's History of the Telegraph. 

13mo. Clotii. $1.35. 

HISTORY AND PEOGRESS OF THE EI.ECTRIO TELE- 
GRAPH, with DescriptiotiB of some of tlie Apparatus. By 
RoBEiLi SiBiNE, C E. Second edition, with additiouB. 

CONTENTS.^-I. Early Observations of Eloctrical Phenomonii. IT. Tele- 
grsphs by Friotional Electricity. III. TelogrnpliB by Voltjiie Electricity. 
IV, Telegraphs by ElBotro-Magnetism and Magnat^i-ElBCtricity. V. Tele- 
gTBphs iiow in use. VL OvorheiLiI Lines. VII. Submarine Telegraph Lines. 
TUL Underground Telegraphs. IX, Atmoapherio Blectrioity. 



Haskins' Galvanometer. 

Pocket form. Llustrated. Morocco tucks, f 3.00. 

THE GALVANOMETER, AND ITS USES; a Manual for 

Electricians and Students. By 0. H. Haseinb, 

"Wo Lope this excellent little work will meet with the sale Its merits 

entitle it to. To every telegrsiplier who owns, or uaea 6. GalTBDometer, or 

ever eip«otH to, it will be quite indiapensable." — The Tdegraphtr. 



Onlley's Hand-Book of Telegraphy. 

8vo. Cloth. $6.0a 
A HAND-BOOK OF PRACTICAL TELEGRAPHY. By 

R. S. CcLLEY, Engineer to the Electric and International 
Telegraph Company. Fifth edition, rerised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. $3.50. 

8UBMARIKE BLASTING in Boston Harbor, MaasachuBetta— 

Removal of Tower and Corwiu Rocks. By John G. FoaTBn, 

Lieutenant-Colonel of En^neere, and Brevet Major-Geneial, U. 

8. Army. Illustrated with seven platee. 

List or pLiTiia. — 1. Sketch of the Narrows, Boston Harbor. 2. 
Townsend'a Sabmarine Drilling Maohine, and Working Vessel attending, 
iabnittrine Drilling Machine employed. 4. DBtaila of Drilling Maubiue 
employed. 5. Cartriil^s and Tamping used. 6. Fnsea and Insulated WirM 
used. 7. Portable Friction Batlery used. 
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Barnes' Submarine "Warfare. 

8yo. Cloth. $5.00. 

8UBMARINK WAHFAEE, DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete History of tlie InTention of the 
Torpedo, its employment in War and results of its use. De- 
Bcriptiona of the rarious forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Metlioda of Ignition 
by MfLchinery, Contact Fuzes, and Electricity, and a full aeeount 
of esperimenta made to determine tlie Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By Lieut. -Commander John S. B.vrjtes, 
U. 8. N. With tw-eaiy lithographic plates and many wood-cuts. 

"A book important to military msn, and eapeoiiilly bo to engrlneerB and ar- 
tillerists. Xt conBists of au exajnin&tion iTf the yai-ioua offensive and defcmiive 
engines that liata been contcivcil for submariue bostilitits, including a, discua- 
sion of tbe torpedo ayetem. ita effects upon iron-clad slup-syHtema, and ita 
probable influenee upon future naval vfara. Plalea of a valnablo character 
accompany the treatise, wbich affords a useful history of , the momcutoua aub- 
j eot it disonsBea. A great deal of useful information is collcotcd in ita pages, 
especially concerning the inventions of Scholl and Vekdit, and of Jokes' 
and KuKT'b batteries, as well as of other aimilur machines, and the use in 
aubmarine oparationa of gun-cotton and nitro-glyoerine." — 2f. Y, Titnen. 



Randall's Quartz Operator's Hand- 
Book. 



QUABTZ OPEEATOE'8 HAND-BOOK. By P. M. Eandau. 
New edition, revised aud enlarged. Fully illuatratod. 



The object of this work has been ti 
position of mineral veins, and the mea 
mining and working of thsir ores — mo 



present a clear and comprehenairfl ex- 
i and mndea chiefly employed for the 
1 o^pecialiy tluwe containing gold and 
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MitcheH's Manual of Assaying. 

8vo. Cloth. 110.00. 

A MANUAL OF PSACTICAL ASSAYING. By John Mitchell. 
Third editiou. Edited by William Chookes, F.E.S. 

In tliis edition aro iiiuorporated all the late important diaooreries in Assay- 
ing mado in thid country and abroad, and special earn ia devoted to the very 
important Volumetric and Coiorinietric Assays, as well as to the Blow-Pipe 



Benet's Chronoscope. 

Second Editiotu 

ninstrated. 4to- Cloth, »8.00. 

ELECTRO-BALLISTIC M.\CHINES, and the Schultz Chrono- 
scope. By Lieutenant-Colonel S. V, Benet, Captain of Ordnance, 
U. 8. Army. 

C0STBNT8.— I. Balliatio Pendulum. 3. Gun Pendolum. 3. Use of Elec- 
tricity. 4. Navez' Macliine. G. Vignotti's Machine, with Plates. G, Beaton's 
Eleotro-Balliatia Pendulum, irith Flatea. 7. Leur'a Tro-Pendulum Machine 
8. Sohultz's Chronoscope, with twa Plates, 



Michaelis' Chronograph. 

4Aa. Blustcated. Cloth. . ^3.00. 

THE LE BOULENG^ CKRONOGHAPH. With three litho- 
graphed folding plates of illustrationa. By Brevet Captain E. 
Michaelis, First Lieutenant Ordnnnce Corps, U. S. Army. 

" The eicellent monograph of Caption Michaelis enters raiautoly into tie 
dotailfl of oonstruotioa and management, and gives tables of the times of flight 
oalculated upon a given fall of the chronometer for all distances. Captain 
Michaelis \\ss done good aerrice in presenting thia vork to hia brother officers, 
deanribing, as it does, an instrument whiuh bids fair tu b 
our fnturo baliiatic eiperimonta.' — Army and Nang Jaarmai. 
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Silversmith's Hand-Book, 

Fourth Edition. 

niuBtrated. 12mo. Ciuth. $3.00. 

A PEACTICAI, hand-book: FOE MINERS, MetaUurgists, 
and Asaayere, Qomprising the most recent improvemeDta ia the 
disintegratioa, amalgamatLoa, smelting, and parting of tlie 
Precious Oroa, with a Comprehensive Digest of the Mining 
Lnwa. Greatly augmented, revised, and corrected. By Jclitts 
SiLVERssnTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. «3.00. 

One of the most impoiiont featnres of thia vork ia that in vhicli the 
inetalluT^ of the precious metals is treated uf. In it the aathor has endeav- 
orod to embody all the pirocesaea for the reduction iind manipulation of the 
pteoious ores hecatofbre suooesafuDy employed in Germany, England, Mexico, 
and the United States, together with aach as have been more recently invented, 
aud not yet fully tested — all of whioh are profusely illuatrated and easy of 



Simms' Levelling. 

8to. Cloth. *3.50. 

A TREATISE ON THE PRIIVOIPLES AND FRACTTCE OF 
LEVELLING, showiiig its application to purposoa of Railway 
Engineering and the Conatruution of Ruads, &o. By Freherick 
W. SisiMs, C. E, From the fifth Londoa edition, revised and 
corrected, with the addition of Mr. Law's Practical Esamplos for 
Setting Out Railway Curves. Illustrated with three hthographio 
plates and numerous wood-cuts. 

" One of the moat important test-books for the guneml aurreyor. and there 
is Bcarcaly a queation connected with lerelling for whifih a solution would be 
Boug-ht, but tha,t would be aatisfactorily answered by consulting' this yolamc." 
— Mining Journal. 

" The text-book on levelling in moat of our engineering aohoola and ool- 



"The pabliahera have rendered a substantia! 
especially to the younger membera, by bringing i 
Mr. Simms uaeful work." — S^ineering. 
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Stuart's Successful Engineer. 

18mo. Boards. 60 cents. 
HOW TO BECOME A SUCCESSFUL ENGINEER: Being 

Hiuta to Yontha intending to adopt the Profeeaion. By 

Bernard Stuakt, Engineer. Sisth Edition. 

" A valuabla litlle book of eound, Bensibla advica to jonnK mail wlm 
wish to rise in tbe moat importanl of the profeHBiona."— Soten/^^ American. 



Stuart's Naval Dry Docks. 

Twenty -fuur cngruviuga on steel. 

FourUt. Mditlon. 

4to. Cloth. 9S.0O. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 

By CKiaLKS B, SiUAii;. Engineer in Chief of the Uaited States 

Xiist of Tllustrationa. 
Pumping Engine and Fump« — Flan of Dry Dock nnd Fump-'Well - Seo- 
tioDB of Dry Dock— Engine House— Iron Floating Gate— Dotaila of Floating 
Gate— Iron Tnming Qati^-Plan of Turning Gate— Culvert Gate—Filling 
Culvert Gates — Engine Bed — Plate, Tumpa, and Culvert — Engine House 
Hoof — Flouting Sectional Doct^ — Detailfl of Section, and Plan of Tum-Tablea 
—Plan of Basin and Marine RaUwajs— Plm of Sliding Frame, and Elevation 
of Pump« — Hjdrauliu Cylinder — Plan of Gearing for Pura^ and End Floats 
— Perspective View of Doi-k, Basin, and Railway— Plan of Basin of Ports- 
nioutli Dry Dock — Floatinif Balance Dock— Elevation of Tiuases and the Ma- 
chinery — Perspeotiye View of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illufitrated. 18mo. Boards. 60 cents. 

A GUIDE TO OENAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

Contents. — Materials employed in Drawing, and bow to ose Qxem — On 
Lines and how to Draw tbem — On Shading — Concerning: linea and shading, 
with applications of them to siiaple eleiftentaiy •ubjects — Sketches from Ma- 
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Minifie's Mechanical Drawing. 

HiglUh KditioiL. 

Royitl 8yo. Cloth, $400. 
A TEXT-BOOK OP GEOMETRICAL DEAWING for the use 
of Mechanics and Schools, ia which the Definitions and Rules of 
Geometry are faniUiarly esplained ; the Practical Problems are 
arranged, ironi the most simple to the more complex, and iu their 
description tecliiiioalities aro avoided aa much as possible. With 
illustrations for Drawing Plans, Sections, and Elevations of 
Buildings and Machinery; an Introduction to Isoraetricol Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. By Wii. 
MiMPiK, Architect. Eighth Edition. WithanAppeudis on the 
■Theory and Application of Colors. 
" It ia the best work on Drawiajj that we have ever seen, and ia espeoially a. 
text-boolt of Qtminotrioal Drawing for tho uao of Meohtinica and Schools. Ko ' 
young Mechanio, such sa a Macliiniqt, Eog^neer, Cabinet-Maker, MUlwrijjlit, 
or Cirpecter, Bbould ho without It." — Scieiitijk Amerkmi. 

" One of the most com preheoBive works of the Hnd ever publiahed, and can- 
not but poBseBB great value tobuildera. The style is at once elegant and sub- 
fltantia!.'' — Pemisylsania Inquirer. 

" "Whatever ia said is rendered perfectly intelligible by remarkably well- 
exeonted diagrams on ateol, leaving nothing for more vague supposition ; and 
tho addition of an introduction to isometrical drawing, linear perspective, and 
the projection of shadows, winding up with a useful index to technical terms." 
— Glaggoic Mei-hanio' Journal. 

IW' The British Government has authorized tho use of this boot in their 
sohoola of art at Somerset HousB, London, and throughout the Itingdom. 



Minifie's G-eometrical Drawing. 

.^eu) Edition. Enlarged. 

IBmo. Cloth. 12.00. 
GEOMETRICAL DRAWING. Abridged from the octaTo edition, 

for the use of Schools. Illustrated with 48 steel platea. New 

edition, enlarged. 

'■It in well adapted sa a text-book of drawing to boused in our High Sohoola 
and Academies where this useful branch of the fine arts has been hitherto too 
much negleotiid." — Boston Jourital. 
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Bell on Iron Smelting. 

8vo. Cloth. ^.OJ. 
t CHEMICAL PHENOMENA OP IRON SMELTING. An ex- 
perimental and practical exaimaatiou of the circumstancea wliioh 
determine tlie capacity of tke Blast Furnace, the Temi>erature 
of the Air, and the Proper Condition of the Materials to be 
opei'ated upon. By I. LowTHi.m Bell, 

" The reactiona whicli take plaeo in Bvery foot of the hlaat-fumace have 
been iiivestigated, uid the iiaiure of every step iu the prooess, from the intro- 
duction of the raw material iuUi the furnace to the production of the pig iron, 
has bem carefully ascertained, and recorded bo fully that any one in the trade 
oan readily avail then;selvca of the knowledge aeqnired ; and we liave no hca- 
itation in saying that the judicious applicatiou of such knowledge will do 
mnoh to facilitato the introduction of arrangemonts which will atiE further 
eoononuze fuel, and at the same time permit of the qu:ility of the resulting 
metal being maintainsd, if not improved- The volnmo ia one which no prac- 
tloiil piy; icon manufacturer can afford to be without if he be deairouH of en- 
tering upon that competition which nowadays ia eaacntial to projfreas, and 
in Issuing such a work Mr. Boll hua cntitlEi*d himself to the best tlianka of 
every memljer of the trade." — London Mining JouTital. 



King's Notes on Steam. 

TliirUenth Edition. 

8vo. Chrth. t2.00. 

LESSONS AND PEACTICAL NOTES ON STEAM, the Steam- 
Engine, Propellera, &c., &a., for Young Engineers, Students, and 
others. By tlie late W. E. King, U. S. N. Eevised by Chief- 
Engineer J. W. Kinq, U. 8. Navy. 

" This ia one of tho best, beoaose eminently plain and practical t 
tho Steam Engine ever published. '^Phil/nleiphUi Press. 

Thie is the thirteenth edition of a valuable work of the late W. H. King, 
TJ. S. N. It contains lessons and practical notes on Steam and the S 
gine, PropellerB, etc It is calcnlaled to lie of great use to young marine en- 
gineers, students, and others. The text is illnstratM and explained by nu- 
merous diagrams and representations of machinery. — Bostoft Daily Adner- 

Tejt-book at the U. 8. Naval Academy, Annapolis. 
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Burgli's Modern Marine Engineering. 



One thick 4to voL Cloth. ?25.00. Half m 



$30.00. 



MODEEN MARINE ENGINEEEING, applied to Paddle and 
Screw Propulsion. Consisting of 36 Colored Plates, 259 Practical 
"Wood-out Illustrations, and 4(13 pt^es of Descriptiye Matter, the 
wtolo being an exposition of the present practice of tbo follow- 
ing firms : Messrs. J, Ponn & Sons ; Messrs. Maudslay, Sons & 
Field; Messrs. Jamea Watt & Co,; Messrs. J. & G. Eennie ; 
Messrs. E, Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Baveuliill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. liuncn. 
Engineer. 

pRlNCiFAi, CosTENTS. — General Arraageraenta of Engiues, Jl ciampleB 
— Ckmeral Arrangement of Boilers, 14 exiuiples — General Arrangement of 
Superheaters, 11 ciimplen— Details of 'Oacillatinpr Paddle Enpinea, J14 ex- 
amples — Condenoers for Screw Engines, Iwth Injection and Surface, 20 ei- 
amplea — Details of Screw Eaginus, 20 examples — Cylinders and Details of 
Screw Engines, 31 eiaraples— Slide Valves and Details, 7 eiamples— Slide 
Valve, Link Motion, 7 Biamples— Eipanainn Valves and Gear, 10 exam- 
plea— Deloils in General, 30 examples - Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Pittings, 28 examples - In relation to the Princi- 
ples of the Marine Engine and Boiler, 33 examples. 

Notices of the I'ress. 

" Every ooacdvaUe detail of the Marine Engine, under all its Tariout 
forms, is pTofuaelj>, and we must add, admirably iUustrated hy a multitude 
of engravings, selected from the hest and most modem practice of tho first 
Marine Engineers of the day. The chapter on Condensers ia peculiarly valu- 
able. In one word, there is no other work in existLnce which will bear a 
moment's comparison with it as an exponent of the skill, talent and practical 
experience to which ia due the splendid reputation enjoyed by many British. 
Marine Engineers." — 

" This very comprehensive work, which was issued in Monthly parts, has 
jnat been completed. It contains large and full drawings and copiona de- 
scriptions of most of the best examples of Modem Marine Engines, and it is 
a comploifl theoretical and practical treatise on the subject of Marine Engi- 
neering."— jllB^MCan Artiian. 

This ia the only edition of thn above work with the beautifully colored 
plates, and it is out of print in England. 




^ 



Bourne's Treatise on the Steam En- 
gine. 

mnth Edition. 

niuatratod. 4to. Cloth. $15.00. 
TEEAnSE ON THE STEAM ENGINE in ita various applica- 
tions to Minos, Mills, Steam NavigatioD, Boilwaje, and Agricul- 
ture, with the theoretical inTostigationa respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical Instructiona for the Manufacture and Management of 
every species of Engine in actual use. By John Boubne, being 
the ninth edition of "A Treatise on the Steam Engine," by 
the " Artisan Club." Illuatriited by thirty-eight plates and five 
hundred and forty-sis wood-cuta. 

As Mr, Baarne'B work has the great merit of avoiding nnsoniid and imma- 
turo views, it may safely bo oonaulted by all who are really dcsirona of ao- 
quiring truatworthy inforraotion on tbo subject of which it troata. During 
the twenty-two years which havs elapsed from the issne of tha firat edition, 
the improvements introduced in the construction of the steam eagina have 
been both numerous and important, and of these Mr. Bourne h:ka taken cars 
to xKiint out the more prominent, and to furnish the reader with such infoi^ 
mation as shall enable him readily to jnago of their relative value. Thia edi- 
tion haa been thoroughly modernized, and made to ncooid with the opinions 
and practice of the more auooesaful engineera of the present day. All that 
the book profesaes to give la given with ability and evident care. The scien- 
tiflo principles which are permanent are admirably explained, and reference 
is made to mimy of the more valuable of the recently introduced enginea. To 
express an opinion of the value and utility of such a work as The Arliaan 
Ulab'g Treatim on the Steam Ungine, which has passed through eight editions 
already, would be superfluous; hut it may be safely stated Ihat the work is 
worthy the attentive study of all either engaged in tho manufacture of steam 
enginea or interested in economizing the use of Hteajn.— J/intnj Journal. 



Isherwood's Engineering Precedents. 

Two Vols, in One. 8to. Cloth. $2.50. 
ENGINEERING PRECEDENTS FOK STEAM MACHINEET. 
Arranged in tho moat practical and useful manner for Engineers. 
By B. F. IssEEwoon, Civil Eagiaeer, U. S. Navy. With illus- 
trations. 
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Ward^s Steam for the Million. 

New and Revised Edition, 

8to. Cloth. $1,00. 

STEAM FOE THE MILLION. A Popular Treatise on Steam 
and its Application to the Useful Arts, especially to Naviga- 
tion. By J. H. Waeb, CommaBclcr TJ. 8. Navy. New aad re- 
vised edition. 

A moBt esccUont work for tho young- enginocr nnd general reader. Many 
facta relating to the management of the boiler and engino are set forth witi a 
eimplioity of language and perfection et detail that hring the subject homo 
to tho reader. — American Engineer. 



Walker's Screw Propulsion. 

8yo. Oloth. 75 oonta. 

NOTES ON SCREW PEOPULSION, its Eise and History. By 
Capt. W. H. Walkeb, U. 8. Navy. 

Commander Walker'a book oontainB an immGnse amount of concise priicti- 
cal data, and every item of information recorded fully proTes that tic Tariona 
points bearing upon it liavo been well conaidered previously to expreaaing an 
opinion. — Jjondon Mining Jotirnai. 



Page's Earth's Crust. 

I8mo. Cloth. T5 cents. 

THE EARTH'S CRUST : a Handy Outline of Geology. By 
DiviD Page. 

" Such a TTorlc as this was much wanted — a work giving in clear and intel- 
ligible outline the leading facts of the Bcienco, ■without amplification or iik- 
Bomc ^ebaila. It ia sdmirabla in arrangement, and clear and easy, and, at the 
same time, forcible in style. It will lead, we hope, to the introJuotion of 
Geology into many Bchoola that have neither time nor room for the study of 
large treatises," — T!ie J!ii»eum. 
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Rogers' G-eology of Pennsylvania. 

3 Volfl. 4to, with Portfolio of Maps. Oloth. $30.00. 
THE GEOLOGY OF PENNSYLVANIA. A Governmont Sur- 
vey. With a general view of the Geology of the United States, 
Eaeays on the Coal Formation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
Hrsrt Darwin Eooees, Lute State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text. 

It certninly Bhoulrl bo in every puWio library ^nroii^'hont the country, nnA 
lilra¥fiiie in the poaBesBiDn of all atndents of Geology. After the final sale of 
these copies, the worli will, of uourae, booome more valuable. 

The work for the last fii'e years haii been entirely out of tho martat, bat s. 
' few (B)pieB that remained in the Imnds of Prof. Ri^rs, iu Beotland, at tho 

,e of liiB death, are now offfrcd to the piiblin, at a price which ia even 
below what it was originally sold for when first pTibliehod. 



Morfit on Pure Fertilizers. 

With 28 Illustrative Plates. Svo. Cloth. $20.00. 

i PRACTICAL TREATISE ON PUEE FEETILTZEES, and 
the Chemical Conversion of Eock Guanos, Marlstones, Coprolites, 
and the Crude Phosphatae of Lime and Alumina Generally, into 
various Valuable Products. By Campbkll MoapiT, M.D., F.C.S. 



Sweet's Report on Coal. 

8vo. Cloth. $^!.[I0. 
SPECIAL EEPOET ON COAL ; showing its Distribution, Classi- 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the principal cities on the Atlantic 
Coast. By 8. H. Swkbt. With maps. 



Colburn's Gas Works of London. 

13mo. Eonrila. 60 cents. 

GAS WOEKS OF LONDON. By Zer.ih Colbuhn. 
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The Usefal Metals and their Alloys ; 
Scoffren, Truran, and others. 

Fifth Edition. 

8ro. Half calf. $3.75. 
THE USEFUL METALS AND THEIR ALLOYS, molnding 
MINING VENTILATION, MINING JURISPEUUENCE 
AND METALLDIiGIC CHEMISTRY employed iu the conver- 
sion of IRON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRIAL 
ARTS. ]5y John Scoff&bn, William Tsdiiax, William Clay, 
EoBEBT OxLAKB, WiLLiAM Faibdairn, W. C. Ajtkiw, and Wil- 
liam TOSE PiCKKTT. 



Collins' Useful Alloys. 

18mo. Fleiiblo. 75 conta. 
THE PRITATE BOOK OP USEFUL ALLOYS and Memo- 
randa for Goldsmiths, Jewellers, etc. By Jambs E. Collins 

This little 1m>o1[ is compiled from notes made by tbe Author Srom tlia 
p&pcrs of one of the largest and most eminent Jfanufacturini; Ouldsmiths and 
Jewellera in this country, and as the firm is now no longer in exiatence, and the 
Author is at present engaged in some other undertaking, he now iiSsra to the 
public the benefit o£ his eiperienoe, and in so doing ho begs to state that all 
the alloys, etc., given in these. pages may be coiitidently relied on as being 
thoroughly practicable. 

The Memonknda and Receipts thronghont this book are aliw compiled 
from practice, and will no donbt be found useful to the practical jeweller. 
—aUrley, July, 1S71. 



Joynsons Metals Used in Construction. 

ISmo. Oloth. 75 cents. 
THE METALS USED IN CONSTRUCTION: Iron, Steel, 
Eeasemer Metal, etc., etc By Fbascis Hbbbebt Jotnson. Il- 
lustrated. 

" In the interesta of practical soionoe, we are bound to notice this work ; 
and to those who wish farther infonnation, we should say, bay it ; and the 
outlay, we honestly believe, will be considered wall apent." — Scieniifie 
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HoUey's Ordnance and Armor. 

493 Engravings. Half Koan, $10.00. Halt Russia, $13.00. 

A TKEATISE ON OEDNANOE AND ARMOE— Embracing 
Descriptions, DiacuaeionB, and Professional Opinions concerning 
the Matehiai, Fabricatiom, Eequirenifintfl, Capabilities, and Eo- 
dui'anfe of European and American Guna. for Naval, Sea Coast, 
and Iron-clad Warfare, and their Eifltsq, Peojectiu5S, and 
BiiEEfH-LoAcrao; also, Eeaults of Experiments against Armor, 
from Official Kecorda, with an Appendix referring to Gun-Cotton, 
Hooped Gnus, etc., etc. By Axesasdbr L. Hollet, B. P. 948 
pages, -ItlS Engravings, and 147 Tables of Resnlta, etc, 

Contents. 

CnATTKR I. — Standard Sana iinii their FftbricatioQ Described: Spction 1. 
Hooped Bnng; Soation 3. Solid Wrouglit Iron GiinBi Seutiou 3. Solid Steel 
Guub; Sentiou 4. C;«fr-Iron Guna. Chapter EC, — The Requii'emEiita of Guns, 
Armor: Section 1. The Work to be done ; Section 3. Heavy Shot at Low Ve- 
locities; SeotionS. Small Shot at High Volocitiea; Section t The two Sys- 
tomsCorahined; Section 5. Breaoliing Masonry. Chaptbk III. — The Strains 
and Structure of G-uiia: Section I. Koaistanus to Elastic Pressure; Section 2. 
The Effects of Vibration;" Section 3. The Eileota of Heat Ch.uter IV.— 
CiLnnon Metala and Processea of Fabrication : Section 1. Elasticity and Dnctil- 
itj; Section 3. CuHtr-Iron; Section 3. Wrought Iron; Section t Steel; Sec- 
tions. Bronze; Sections, Other Alloys. Craptbr V. — Rifling- and PrOjeo- 
tiloa; Standard Forms tmd Practice Deacribcd; Eurty Experiments; The 
Centring System; The Compressing System ; The Enpanaioa System; Armor 
Punching Projectiles; Shellflfor Molten Meial; Competitive Trial of Rifled 
Guna, I8G3; Duty of Eiiled Guns: General Uses, Acooracy, Raufro, Velocity, 
Strain, Liability of Projectile to Injory; Firing Spherical Shot from Rifled 
Guns ; Material for Armor-Punchiog Projectiles ; Shape of Armor-Punching 
Projectiles; Capacity and Destmctiveness of Shells; Elongated Shot from 
Smooth Bores; Conoluaions; Velocity of Projectiles (Table. Chaptkr VL— 
Breech-Loading Advantegea and Defects of the System ; Rapid Firing and 
Cooling Guns by Machinery ; Standard Breech-I«aders Described. Part Sec- 
ond : Experiments against Armor; Account of Experiments from OfBcial 
Records in Chronological Order. ArPEKOix.^Report on the Application of 
Gun-Cotton to Warlike Purposes — British Associatinti, 1808; Manufacture and 
Eiperimenta in England ; Ouua Hooped with Initial Tension — History; How 
Guns Burst, by Wiard, Lyman's Accelerating Gnn; Endurance of Porrott 
and Whitworth Guna at Charleston ; Hooping old United States Cant-Iton 
Guna ; Endurance and Accuracy of the Armatrong SOO-poonder; Competitive 
Trials with 7-inoh Guna. 
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Peiroe's Analytic Mechanics. 

4to. Cloth. 110.00, 

SYSTEM OP ANALYTIC MEOHAlSnCS. Physical and Celestial 
Mechanica. By Bbnjamin Pbikcb, Perkins ProfeBsor of Astronomy 
and Mathematica in Harvard "Uoivereify, and Consulting As- 
tronomer of the Anierican Ephemeria and Nautical Almanac. 
Developed in four systoma of Analytic Mechanica, Celestial 
Mechanics, Potential Physics, and Analytic Morphology. 

" I have re-eiarained the memoira of the great gEometers, and have striven 
to consolidate their latest resaarcbea and their moat exalted forms of thought 
into a oonsiatent and nniform treatise. If I have heroby auoceeded in open- 
ing to the BtndentB of my country a readier acoesB to these choice jewels of 
intellect ; if their brilliancy is not impaired in this attempt to reset them ; if, 
in their own constellation, they illustrate each other, and oomcontrste 
a stronger light upon the namea of their discoverera , and, atill more, it any 
g^em which I may have preauiaed to add is not wholly lustreless in the colleo- 
tion, I shaU feet that my work has not been in ii<^n." -Exiracl frwa t/ie Pre- 
face. 



Buxt's Key to Solar Compass. 

Second Edition. 

Pooket Book Form, Taek. J2.50. 

KEY TO THE SOLAR COMPASS, and Surveyor's Companion ; 
comprising all the Eulea necessary for use in the field ; also, 
Desctiptiou of the Linear Surveys and Puhlic Ijand System of 
the United States, Notes on the Barouieter, SuggBstions for an 
outfit for a Survey of four months, etc., etc., etc. By W. A. 
Burt, U. 8. Deputy Surveyor. Second edition. 



Cliauvenet's Lunar Distances. 



Cloth. 



NEW METHOD OF CORRECTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Rate of a Chro- 
nonieter, by equal altitudes. By Wk. CHijrvEHKT, LL.D., Chan- 
cellor of Washington University of St Louia. 
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JefFers' Nautical Surveying. 

Ulostlated with B Coppeiplates and 31 Wood-cut Illastr^tiotis. 8va. 
ClotlL $5.00. 
NAUTIOAIi SUKVEYING. By Williaji N. Jbffees, Captain 
U. S. NftTj. 

Many books have be«i -wtitten on oaot of tiie entjocta troftted of in tie 
sixteen chairs of this vork; and, to obtain a complete knowledge of 
geodetic snrvejing requires a profound study of the whole timga of mtttho- 
laatiool and physijiil acionuoBj but a year of preparation, should render any 
intelligent officer (lompcteni to uondaot a nautical survey. 

CoNTKNTS. — Chapter L Formulio and Constants Usefol in Surveying 
IL Diatinntive Character of SurvojB. IH, Hydrographic Surveying under 
Sail ; or, Bunning Survey. IT. Hydrographic Surveying of Boats ; or, Har- 
bor Survey. V. Tides— Definition of Tidal Phenomena.— Tidil Observations. 
VI. lleasuremeut of Basca — Appropriate and Direct. VTI. Measurement at 
the Angeles of Triangles — Azimuths— AstronomioaJ Bearings. Till. Correo- 
tions to be Applied to the Observed Anylta. IX. I/evelling— Diiferenoa of 
LeveL X. Compotation of the Sides of the TriangTilation — The Three-point 
Problem. XI. Dotennination of the Greodetie Latitudes, Longitudes, and 
Azimutlis, of Faints of a Triangulatioa. XII. Summary of Sabjecta treated 
of in preoeding Chaptera — Eiamplea of Computation by various Formulte. 
XIll. Projection of Charts and Plans. XIV. AstronomieaJ Determination of 
Latitude and Longitude. XV. Magnetiu Observations. XVX Deep Sea 
Soundings. XTIl Tables for Asoertaining Disti^oea at Soa, and a full 

Zial of Plates. 
Plate I. Diagfram Illuatrative of the Triangulation. IL Speoimen Page 
of Field Book. HI. Running Survey of £ Coast. IV. Eiamplo of a Running 
Survey from Bclclicr. V. Flying Survey of an Island. VI. Survey of a 
Shoivl. VU. Boat Survey of a Rivei-. VUL Three-Point Problem. IX. 
Triangnliition. 

Coffin's Navigation. 

Fifth EtUtion. 

12mo. Cloth. »3.W. 
NAVIGATION AND NAUTICAL ASTEONOMT. Prepared 
for the use of the U. S. Naval Academy. By J. H. C. Coffin, 
Prof, of Astronomy, Navigatioii and SurTeyiiig, witii b'2 wood- 
cut illuetratioiis. 
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Clark's Theoretical Navigation. 



THEORETICAL NATIGATION AND NAUTICAL ASTRON- 
OMY. By Lewis Clakk, Lieut, -Commander, U. 9. Navy. Il- 
lustrated with 41 Wood-cuts, iaoluding tho Vornier. 

Prepared for Use at the U. S. Naval Academy. 



The Plane Table. 

niustrated. 8to, Clotli. $3.00. 

ITS USES IN TOPOGRAPHICAL SURVEYING. From the 
Papers of the U. S. Coast Surrey. 

This work gives a desoription of the Plana Table employed at the U. S. 
Coast Surrey Office, and the manner (A using it. 



Pook on Shipbuilding. 

8vo. Cloth. in.OO. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
cluding a Chapter on Laying off on the Mould- Loft Floor. By 
S.iMUBL M. Pook, Naval Conatruotor. 1 vol., 8vo. With illua- 
trationa. Cloth. $5.00. 



Bnumow's Spherical Astronomy. 

8»o. auth. J0.50. 

SPHERICAL ASTRONOMY. By F. BKouifow, Ph. Dr. Tram- 
lated by the Author from the Second German edition. 
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Van Buren's Formulas. 



INVESTIGATIONS OF FORMULAS, for the Strength of the 
Iron Parta of Steam MachJuery. By J. D, Van Euken, Jr., C. E. 
XUudtrated. 

This is an mialytioal discussion of the formnlffi employed by meohaaioal 
QD^ineera lit dptermiiiLTig the rupturiii(f or crippliT;^ preaanre in the different 
parts of a machine. The formulfe are foimdod upon the principle, that the 
difiorent parts of a machine should be equally atrong, and are deTeloped in 
Teference to the ultimate strengtli of the materi&l in order to leave the choicit 
of a factor oE safety to the judgment of the designer. —Billimaa'a Jovmal. 



Joynson on Machine Gtearing. 

Sto. Cloth. f3.00. 
THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of General Macliine Gearing, as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Eectilineal 
and Curved Surfaces ; with Practical Eulea and Detaila. Edited 
by EfiAKcia Hbebebt Jotsson. lUuatrated with 18 folded 
plates. 

"The aim of this work is to be a guide to mechanics in the deeig;ning and 
ooDBtrnotion of gunoral machine-gearing. This design it well fulflla, being 
plainly and aeueibly ■written, and profusely illustrated." — .■uaduj/ I'itiiea. 



Barnard's Report, Paris Exposition, 
1867. 

lUoatratcd. 8ro. Cloth. fS.OO. 
EEPOET ON MACHINERY AND PROCESSES ON THE 

INDtJSTRLVX, ARTS AND APPARATUS OF THE EXACT 

SCIENCES. By F. A. P. Baknaed, LKD.— ParU Univeraal 

Exposition, 1867. 

" "We have in this volume the raBults of Dr. Barnard's study of the Piuth 
Eipoaition of 1887, in the form of an official Report of the Govermnent. It 
is the most exhaustive treiitii!o upon modem inventions that has appeared 
sinoe tile UniverBal Eiliibition of 1851, and we doubt if anything equal to it 
has appeared this century."— JbumnZ Jj^pfioi C?iemistry. 
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Engineering Facts and Figures. 

ISmo. Clotli. $3.50 per Volume. 

AN ANNUAL REGISTER OF PEOGEESS IN MECHANI- 
CAL ENGINEERING AND CONSTEXTCTION, for the Years 
1863-64-65-G6-67-68. Fully illuetratea. volumea. 
!E»cli volume sold aeparatelj. 



Beokwith's Pottery. 

Syo. Paper. 60 cents. 

0BSEEVATI0N8 ON THE MATERIALS aud Manufacture of 
Torra-Cotta, Stoue-Ware, Fire-Bfick, Porcelain and Encaustic 
Tiles, with Eemarka oo the Pi-oducta exhibited at the Loudon 
IntGmational Exhibition, 1871. By Ahtkob Beckwith, Civil 
Eugiaeer. 

" ETerything^ is noticed in this book whioh comes under the head of Pot- 
tery, from fljio porcelain to ordinaty brick, and aside from the interest which 
all t^e in anch manufactnrea, the work will bo of conHiderable rolue to 
followera of the coramlo art," — Evening MaiL 



Dodd's Dictionary of MannfaCftures, etc. 

12mo. Cloth. $3.00. 

DICTIONARY OP MANDTACTUEES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By Gbobqe DaoD. 

This work, a, amall book on a. great subject, treats, in alphabetical ar- 
rangement, of those nnnioroos matters which como gonerally within the range 
of manufa<otures and tho prodoctive art^ The raw materiala — animal, vege- 
table, and mineral— whence the manufactured ptoduets are derived, are auo- 
oiactly noticed in connection with the processes which they underj,-o, but not 
as BubJBctH of natural history. The operations of the Itfino and the Mill, the 
Foundry and tbe Forge, the Factory ajid the Workshop, are passed under re- 
view. The principal machines and engines, tools and apparatus, concerned in 
manufaoturing proceases, arc briefly dosoribod. The scale on which our chief 
bninchea of natianal industry are conduotod, in r^urd to valuee and qoantitiea, 
ia indicated in various wuys. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo. Illufltratod. Cloth. ?5.00. 

TKE CIVIL AND MILITAIiY ENGINEERS OF AMERICA. 

By General Charles B. Stuaet, Author of " Naval Dry Dooka 
of the United States," etc., etc. Erabelliahed with nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravings of some of the moat importaat and original works 
oonetructed in America. 

Cantamiag' Bketcbes of tlie Life and Wotls of Itfajor Attdren' Ellioott, 
James Geddes (witli Portrait', Benjamin Wright (with Portrait), CanTom 
White (with Portrait), Davia 8timhope Bates, Nathan B. Roberta, Gridley 
Bryant (with Portrait), GeneralJoseph G. Swift, Josae L. Williiim« [with 
Portrait;, Colonel WiUiam McRee, Samuel H. Knesas, Captiiin John Childe 
with Portrait', Frederick Harboeh, Major David Bates Donglas with Por- 
trait), Jonnthan Knig-ht, Benjamin H. Latrobe (with Portr.iit), Ccilonel Ohar- 
IcB EUet, Jr. with Portrait), Samuel Forrer, William Stuart Watson, John 
A. EoBblin(f. 



Alexander's Dictionary of Weights 
and Measures. 

8to. Cloth. J3.50. 
UNTVEESAL DIOTIONAET OF WEIGHTS AND MEAS- 
UKES, Ancient and Modem, reduced to the atandards of the 
United States of America. By J. H. AtBxiirnEE. New edition. 
1vol. 

" Aa a BtandBrd wOTk of Tefereooe, this book Bhonld be in every library ; it 
is one which we have lon(f waiitBd, and it will aa've much trouble and re- 
Beareh." — Scieniific American. 



Gouge on Ventilation. 

Third Edition Enlarged. 

8vo. Cloth. *3.00. 
NEW SYSTEM OF VENTILATION, whicli has been thoroughly 
tCHted under the patronage of many distinguiahed jjersonH. By 
HBNEr A. GoTTBE, With many illustrations. 
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Saeltzer's Acoustics. 



12nio. Cloth. 



3.00. 



TREATISE ON ACOUSTICS in Connection witli Ventilation. 
With a new theory based on an important diacovery, of facilitat- 
ing clear and intelligible Bound in any building. By Ai,Bxi»DBE 
Saeltzbb. 

" A practiqol and vory sonnd tceatiae on a Bubject of great importanoa to 
accliitects, and one to which there has hitherto been entirly too little attention 
paid. The nuthor'a theory ia, that, by bestowing proper care npon the point 
of AiMuatins, the requisite ventilation will be obtained, and vice verm. — 
Brookii/ii Union. 



Myer's Mamial of Signals. 

Wct/,' Edition. Knlargetl. 

13mo. 48 Platea full Eoan. $5.00. 

MANUAL OP SIGNALS, for the Use of Signal Officers in the 
Pield, and for Military and Naval Students, Military Schools, 
etc. A new edition, ealai^ed nnd illustrated. By Brig.-Gen. 
Albert J. Mtf.k, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the E«bellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

18mo. Cloth. 11.00, 

CIPHER AND SECRET LETTER AND TELEGRAPHIC 
CODE, with Hogg's Improve men ta. The most perfect secret 
Code ever invented or discovBred. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, a"nd Diplo- 
matic Service, as well aa for Brokers, Bankers, and Merchants. 
By C. S. LiERABEE, the original inventor of the scheme. 
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Hunt's Designs for Central Park 
G-ateways. 

4to. Cloth. $5.00. 
DESIGNS FOE THE GATE'WAYS OF THE SOUTHERN 
ENTRANCES TO THE CENTRAL PARK. By Richakd M. 
Hunt. With a deBcription of the designs. 



Pickert and Metcairs Art of Graining. 

1 -vol. 4to. Cloth. flO.OO. 
THE ABT OF GRAINING. How Acquired and How Produced, 
witii description of colors and their apj^iication. By Ch.iri.e3 
Pickert and Abraham Metcvlt. Beautifully illustrated ■with 4'2 
tinted platea of the various wooda used in interior finishing;. 
Tinted paper. 

The authors prepent here the result o£ long' experience in the practice of 
this decorative art, and feel confident that they hereby offer to their brother 
artisans a reliable g:uide to improvement in the praotioe of graining. 



Portrait Gallery of the "War. 

GO fine PurtriiitB on Steel. Royal 8fo. Cloth. ?9.00. 

POETEAIT gallery OF THE WAR, CIVIL, MILITARY 
AND NATAL. A Biographical Record. Edited by Frawk; 



One Law in Nature. 

ISmo. Cloth. *i.50. 

ONE LAW IN NATURE. By Capt. H. M. Lazblle, V. B. A. 
A New Corpuscular Theory, comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitution, applied 
to the Physical Affections or Modes of Energy. 
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Ernst's Manual of Military En- 
gineering. 

193 Wood Cnta and 3 Litliographed Pla-es. 13mo. Cloth. |5.M. 
A MANUAL OF PRACTICAL MILITARY ENGINEER- 
ING. Prepared for the use of the Cadets of the U. S. Military 
Academy, and for Engineer Troops. By Capt 0. H. Ebmbt, 
Corps of Engineers, Instructor in Practical Military Engi- 
neering, TJ. S. Military Academy. 



Church's Metallurgical Journey. 

34 niuatratioDB. Bto. Cloth. $3.00. 
NOTES- OF A METALLURGICAL JOURNEY II 
EUROPE. . By Johit A. Chdboh, Engineer of Mines. 



Blake's Precious Metals. 

8vo. aoth. 12.00. 
REPORT UPON THE PRECIOUS METALS: Being Statisti- 
cal Notices of the principal Gold and Silver producing regions 
of the World. Represented at the Paris Universal Exposi- 
tion, By William P. Blake, Commissioner from the State 
of California. 



Clevenger's Surveying. 

niuatrated Pocket Form. Morocco GiJt, |S.50, 
A TREATISE ON THE METHOD OE GOVERNMENT 
SURVEYING, as prescribed by the United States Congress, 
and Commissioner of the General Land Office. With com- 
plete Mathematical, Astronomical and Practical Instructions, 
for the use of the United States Surveyors in the Field, and 
Students who contemplate engaging in the business of Public 
Land Surveying. By S. R. Clevenqer, U. 9. Deputy Sur- 
veyor. 

" The reputation of the author as a enrveyor giuiTanteM Ui axhtniBUve 
treatiae on tbia subjact." — Dakota RegiHer. 
" SurveyocH have long needed it text-book of this description,— J^ Priu. 
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SILVER MINING REGIONS OF COLOKADO, with some 
account of the diiforent Proceasea now being' introduced for 
TForlring tile Gold Ores of lihat Temtoty. By J. V. Whitkht. 
l*imo. Paper. 25 cents. 

COLORADO : SCHEDULE OF OEES contributed bj sundry 
persona to the Paris Universal Espotsition of 1867, with some 
information about the Region and rta Resources. By J. P. 
"WaiTNBr, ComniiBsionar from the Tenitory. 8to. Paper, with 
Maps. 25 cents. 

THE SILVER DISTRICTS OF NEVADA. With Map. Svo. 
Pajxtr. 35 cents. 



ARIZONA : ITS RESOURCES AND PROSPECTS. By Hon. 
R. C. McOoRMicK, Secretary of the Territory. With Map. bvo. 
Paper, 'lb cents. 



MONTANA AS IT IS. Being a general description of its Ke- 
sonrces, both Mineral and Agricultural ; including a complete 
description of the face of the eountry, its diniate, etc. lUustrated, 
with a Map of the Territory, showing the different Roads and 
the location of the different Mining Districts. To which is 
appended a complete Dictionaiy of Tbb Snake* Lakottase, and 
also of the famous Chinnoolc Jargon, wiHi numnrous critical and 
explanatory Notes. By GuAKViixt; Sicaet. Svo. Paper, $2.00. 



RAILWAY GAUGES. A Review of the Theory of Narrow 
Gauges as apphed to Main Trunk Lines of liaihvay. By Silas 
Seymuub, Gtenl. Consulting Engineer. Svo. Paper. 50 cents. 

REPORT made to the President and Executive Board of the 
Texas Pacific Railroad. By Gen. G. P. Bcbll, Chief Engineer. 
8vo. Paper. 76 cents. 
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Yan Nostrand's Science Series. 

It Is tlie intention of the Publisher of tliis Series to iflene them at inter- 
vals of about a month. They will be put npio a uniform, ueat and attrac- 
tive form, 18mo, fancj boards. The subjects will be of an eminently 
scieutiEc character, and embrace as wide a lange of topics as possible, all 
of the highest character. 

Plica, SO OentB Each. 

1. 

CHIMNEYS FOR FUKNACES, FIRE-PLACES, AND 

STEAM BOILERS. By R, Aemstroko, C. E. 

a. 

STEAM BOILER EXPLOSIONS. By Zbkah Colbuen. 

8. 
PRACTICAL DESIGNING OP RETAINING WALLS 
By Arthur Jacob, A, B. With Illnatrationa. 

PROPORTIONS OP PINS USED IN BRIDGES. By 
Chables E. Eendbe, C. B, With Illustratione. 
e. 
VENTILATION OF BUILDINGS. By W.F. Butler. With 
Illustrations. 

e. 
ON THE DESIGNING AND CONSTRUCTION OF STOR- 
AGE RESEKVOIES. By Arthur Jacob. With IlloBtra- 
tions. 

7. 
SURCHARGED AND DIFFERENT FORMS OF RETAIN- 
ING WALLS. By James S. Tate, 0. E. 
a. 
A TREATISE ON THE COMPOUND ENGINE. By John 
TcRNBULL. With Illnstrationa. 
e. 
Fuel. By C. William Siemens, to which is appended the value 
of ARTIFICIAL FUELS A8 COMPABED WITH COAL. 
By John Woruaid, C. E. 
10.— COMPOUND ENGINES. Traaalated from the French of 

A, Mallet. With lUustratioua. 
11.— THEORY OF ARCHES. By Prof. W. Allan. With lUna- 
trations. 
*,* Other Worts in preparation. 
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